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FOREWORD 


The aim of the INSTITUT DE LA VIE is: 

— to start a permanent train of thought, both basic and applied, theoretical and practical, 
about life and the human condition, whether considering our species within the bio- 
sphere or mankind in all its dimensions; 

— to bring together the highest authorities in science and technology in order to seek 
constantly, among the plurality of disciplines and of philosophies, the solutions that 
would best suit the needs and yearnings of human beings and so to assist in their decision- 
making those who arc invested with the greatest responsibilities; 

— to set up permanent exchanges between men at all levels in order to make them sensitive 
to the value of life and teach them how to respect it. 

The INSTITUT DE LA VIE organized, from 9th to 14th September, 1974, a world con- 
ference on : 

“TOWARDS A PLAN OF ACTIONS FOR MANKIND: 

NEEDS AND RESOURCES, METHODS OF FORECASTING” 

Participants to this conference were 236 belonging to 29 countries. 

Five items were chosen, they were each subject to a preparatory colloquium in September 
and October 1973, The works of this colloquium were published in the book: “TOWARDS 
A PLAN OF ACTIONS FOR MANKIND. PROBLEMS AND PERSPECTIVES”.^ 

The proceedings of the conference it.sclf arc published in five volumes. 

This event will be followed by numerous others, prompted by the same will to carry on 
the human adventure and to enable man to live and to achieve himself. 

The INSTITUT DE LA VIE will sustain the same joint effort of universal concertation 
ever)' four years. 

The INSTITUT DE LA VIE is the meeting-point of anxieties, hopes and determination. 
Here consciousness is aroused, the alert given. It is vigilant at the outposts of the preserva- 
tion of life. It establishes the equations of the future and of salvation. To awaken con- 
sciousness is to create confidence as all despair is henceforth void of effect. Confidence in 
our ability to find new solutions to new situations, confidence in mankind, confidence in 
its spirit, confidence in life. 

M. MAROIS 


’ Norlh-HoIIand Publishing Company, 335 Jan Van Galcnstraat, P.O. Box 103, Amsterdam-W, The 
Netherlands, M. MAROIS, editor, 1974, 558 pages. 
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PREFACE 


L’lNSTlTUT DE LA VIE a pour objct: 

— d’cngagcr d'unc manicrc pcrniancntc unc reflexion fondamentale ct appliqude, theorique 
ct pratique, sur la vie ct la condition humainc, qu’il s’agissc de notre espece dans la 
biosphere ou de Thomme dans toutes ses dimensions; 

— de rasscmblcr Ics plus liautcs compdtcnccs scicnlifiqucs ct techniques pour rechercher 
a chaque instant dans Ic pluralismc dcs disciplines ct dcs philosophies les solutions les 
mieux adaptccs aux besoins ct aux aspirations dcs humains ct d’aidcr ainsi la decision 
dc ceux qui sc trouvent investis dcs plus hautes rcsponsabilitds; 

— d’ctablir un courant d’cchangcs entre les homnies ii tous niveaux pour les sensibiliscr a 
la valcur de la vie ct les dduquer i la respecter. 

L’lNSTITUT DE LA VIE a organis6, du 9 au 14 septembre, 1974, unc conference raondiale 
sur le theme: 

“VERS UN PLAN D’ACTIONS POUR L’HUMANITE: 

BESOINS ET RESSOURCES - METHODES DE PREVISION” 

a laquellc ont participc 236 pcrsonnalitds appartenant a 29 pays. 

Cinq themes ont etc choisis qui ont fait chacun I’objet, cn septembre ct octobre 1973, 
d’un colloquc prcparatoirc. Les travaux dc ccs colloqucs ont dtd publics dans I’ouvrage 
“VERS UN PLAN D’ACTIONS POUR L’HUMANITE - PROBLEMES ET PER- 
SPECTIVES”.! 

Les actes dc la conference cllc-mcmc sont publics cn cinq volumes. 

Cette manifestation sera suivic dc nombrcuscs autres inspirdes par la meme volonte de 
poursuivre I’avcnture humainc ct dc permettre a Thomme dc vivre et de s’accomplir. 

L’lNSTITUT DE LA VIE soutiendra tous les quatre ans le meme effort concerte de 
reflexion universellc. 

L’lNSTITUT DE LA VIE cst le point dc rencontre des inquietudes, des espoirs et des 
volontes. II est le lieu dc la prise dc conscience, dc la mise cn alerte. II veille aux postes 
avancees de gardien de la vie. II pose les Equations de Tavenir et du salut. Prise de con- 
science, prise de confiancc puisque tout ddsespoir est ddsormais porteur de neant. Con- 
fiance dans notre capacitc de trouver dcs solutions ncuves h des situations neuves, confiance 
dans I’homme, confiance dans I’esprit, confiance dans la vie. 

M. MAROIS 


* North-HoIIand Publishing Company, 335 Jan Van Galenstraat, P.O. Box 103, Amsterdam-W, The 
Netherlands, M, MAROIS, editor, 1974, 558 pages. 
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OUVERTURE 


H. Brown 


I am chairing this session dealing with mineral source availability and depletion. During the course of the 
post-war years we have seen what I have liked to call the fissioning of humanity into two cultures: the culture 
of the rich and the culture of the poor. The culture of the rich embraces something like 930 million persons; 
the rate of population growth is low and decreasing corresponding to about 0.8 of a percent per year at the 
present time, but the afiSuence of the people who live in this culture is increasing extremely rapidly and 
indeed most of the material resources in the world today which are consumed are being consumed by the 
people in the rich nations. The culture of the poor embraces some 2800 million persons, the rate of popula- 
tion growth is high — about 2J% per year — and it is still increasing. We can get some idea as to what we 
mean by rich and poor by looking at any one of several indicators — steel consumption per capita, energy 
consumption per capita, gross national product per capita. In the case of steel, the average person in a rich 
country consumes about 600 kilograms of steel per year. The average person in a poor country consumes 
about 20 kilograms of steel per year; the difference between them is a factor of 30. At the same time, the 
rate of consumption of steel in both rich countries and poor countries is increasing at the same rate, about 
6% per annum. If current trends prevail, in the next 50 years, there will then be 10,000 million people 
in the world, 85 % of whom will be poor. I think we must ask a number of questions in this session. First 
how affluent will the rich countries become? Will affluence continue to grow indefinitely in the future? 
Will the population of the poor countries continue to grow as rapidly in the future as they are growing today? 
Where will the needed raw materials come from? What proportion will come from recycling? What pro- 
portion will continue to be provided by nature? 

There are two important aspects of raw materials now being used by man today. For the most part they 
are not evenly distributed; in large measure they exist in the poor countries and are processed in the rich 
ones. What difiiculties will this situation present in the years ahead? We have already seen rebellion in 
the Middle East with respect to petroleum. Venezuela has announced that it will in the future discontinue 
iron ore shipments to the United States and it has expressed its intention to develop its own integrated steel 
industry for which their iron ore will be the raw material. Competition among the rich nations over the 
relatively high-grade resources is a source of danger in the future. 

The second aspect of our mineral resources is that we are called upon to process ores of steadily decreasing 
grade. How far will this trend carry us? What will the cost be? Can we ever hope to reach the point where 
most nations can achieve some semblance of self-sufiBciency? These are critical problems and I hope that 
in the course of our deliberations during this session we can obtain some insights as to how solutions might 
be approached. I hope further that concrete actions can be recommended. With that I would like to call 
upon Dr. Sheldon to make a few brief introductory remarks. 




INTRODUCTION 


R. P. Sheldon 


I am Richard Sheldon and have been essentially the organizer of this session on resource 
availability and depletion. The session is divided equally into three parts. The first will be 
the description and analysis of the mineral resources in the crust of the Earth; formal 
papers will be presented by V. E. McKelvey and P. E. Cloud and discussions will be led 
off by C. Ruiz and R. Weber. The second session will be on the following topic: The in- 
vestments that are required to win these minerals from the crust of the Earth. Formal 
papers will be presented by J. P. Gautsch and D. Sikka and discussions will be led off by 
B. Berce. Then the third part of the session will deal essentially with projections of future 
primary mineral supply. V. E. McKelvey will now present the opening statement. 




POTENTIAL WORLD MINERAL RESERVES 


V. E. McKelvey 
Director, U.S. Geological Survey 


An expert has been described as one who is seldom right but never uncertain. On the sub- 
ject of the magnitude of world potential mineral reserves, I may very well qualify as an 
expert under the first half of that definition, but I do not qualify under the second part, for 
it is a matter about which I am very uncertain indeed. There are two things about potential 
reserves, however, that I am certain of : one is that they are larger than those we are presently 
able to identify, and the other is that, however large they may be, they will not support 
exponentially increasing consumption indefinitely. 

Minerals and mineral fuels are literally the keystones of the modem world. Their ex- 
panding use since the Industrial Revolution has supported both a remarkable expansion 
of world population and a rising level of Kving, even in the less-developed countries. 
Whereas the renewable resources once sustained world populations of scores of m illions 
of people, minerals and mineral fuels now support billions of people and they are dependent 
on continuing supplies of these resources for their very existence. If, as some believe, poten- 
tial reserves of key minerals and fuels are sufficient to meet demands for only a few scores 
of years or so, we should immediately seek measures to shift toward a way of life and a 
socio-economic system suitable for far lower levels of mineral and fuel consumption. On the 
other hand, if we knew we had larger potentials, we would have more time to taper off" on 
exponential growth and arrive at levels of consumption sustainable into the more distant 
future. The question of the adequacy of potential suppUes is a highly controversial one, of 
course, with opposing views ranging from almost immediate doom to cornucopia forever, 
but I want to emphasize that the complexity and importance of the problem are not only 
worthy of the controversy but of the extensive work required to resolve it. 

A few basic concepts should be understood before discussing the problem further. One is 
the distinction between reserves and resources. We count as reserves those deposits that 
have been identified and that are presently producible under present economic and techno- 
logic conditions. Resources broadly defined include such deposits; they also include de- 
posits too lean or inaccessible now to be producible commercially but that may become 
usable with advancing technology or higher prices; and resources also include undiscovered 
deposits of both minable and unminable quality. We thus distinguish between the birds in 
the hand, which we can count, and the birds in the bush, about which we ■'- 

thesize and speculate. ^ 

Another fundamental concept that must be understood is i 
come into being. Put in the simplest terms, it is God 
is man that creates resources, defined as natural su’ 



8 


V. E, MCKELVEY 


man. Man does this by a variety of processes — finding uses for minerals and rocks that 
were not usable before, learning how to scarcli profitably for undiscovered deposits, how 
to mine and process materials that could not be recovered previously, how to substitute 
abundant for scarce materials, and achieving similar advances that make it economic to 
use materials that were not usable previously. In addition to creating resources, man is also 
able to extend their life by increasing the efficiency of their use, by recycling used materials 
and reducing waste, and by conservation in use. 

It is the very nature of these processes that introduces much of the uncertainty that I 
spoke about at the outset. Our knowledge of the earth at this point is vast by comparison 
with earlier times but it is minuscule when it comes to an understanding sufficient to delineate 
all the geologic environments that contain usable resources. And even if it were adequate 
to do that, we still would not know our full potential because we cannot predict the extent 
of the advances that may come in materials science and technology which may make it 
possible to utilize resources not usable now. Nor can we predict the extent to which we 
may be able to extend the life of resources through the process I described, although we can 
be certain that we can be far more efficient in our use of both energy and minerals than we 
have in the past. 

I said we could be certain that our potential reserves arc larger than those we can now 
identify because I think we have had enough experience to know that human creativity is 
a continuing process, just as certain to continue as are other natural processes. I have not 
the slightest doubt that this process is going to enlarge our potential reserves and our re- 
source base in ways we cannot visualize now. 

It is surely this same confidence that leads some to believe in cornucopia forever. But 
whereas I am sure many neo-malthusians consider my own views too optimistic, I swing 
toward the limits-to-growth advocates when it comes to such ideas, simply because they do 
not take account of the effects of continued exponential growth. I may illustrate the limits 
involved succinctly by saying that a one billion year supply of anything measured at present 
rates of world consumption would be exhausted in 582 years if consumption continued to 
grow at 3% a year — as it has for many commodities in recent decades. And just to 
underscore this point, a two billion year supply would be consumed in one more doubling 
time of 23. 5 years. Of course, consumption of a finite supply would not follow such a pattern 
of increase to its final exhaustion, but the point is that level of consumption is just as sig- 
nificant an element in the life of a supply as the magnitude of the resource, and exponential 
growth in consumption can quickly exhaust even a huge supply. Without elaborating on 
this subject, I may say that I believe the problems we are having with shortages of energy 
and some other minerals are in large part a result of demand overtaking our abilities to 
develop supply, with consumption at the high levels it has now reached. It is indeed time 
to seek other means than simple growth in material consumption to advance the welfare 
of man. 

Returning to the subject of potential reserves, difficult as it is to appraise their magnitude, 
it is important to try, for even though we can assume that our best estimates are probably 
wrong, it is valuable to know what we have in the hand and what we think we can find in 
the bush. 

Included for distribution with this paper are two tables. Table 1 consisting of estimates of 
world production, reserves, and resources of selected commodities, prepared by various 
methods by the authors of U.S. Geological Survey Professional Paper 820, and Table 2 
showing what might be called theoretical estimates of potential reserves prepared by Ralph 
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Erickson on the basis of the relationship between reserves and crustal abundance that I 
determined some years ago. 

I will not discuss these estimates in detail, but a few generalizations are significant. One 
is that the estimates from Professional Paper 820 show that for nearly all the minerals listed 
there appear to be known resources adequate to meet world needs at present rates of con- 
sumption for only a few decades to a century or more. Estimates of the magnitude of un- 
discovered resources have not been made for many minerals, mainly because of a lack of a 
suitable methodology to make them in the light of available geologic knowledge. But for 
most of the minerals for which estimates of undiscovered resources have been attempted, 
the estimates are about equal to known resources or are larger only by a factor of 2 or 3. 
Placed against the buzz-saw of continued exponential growth, these estimates give no 
grounds for complacency about the adequacy of resources that we know and that we can 
hypothesize and speculate about to meet long-term world needs for mineral resources. 

The theoretical approach Erickson and I have taken is based on the fact that the United 
States’ reserves of base and precious metals long sought are in rather similar proportions to 
their crustal abundance. The assumption that this relation applies approximately to other 
elements makes it possible to estimate the magnitude of recoverable resources of other 
elements. Taking lead as the basis of extrapolation, Erickson uses a factor of 2.45 x 10® 
the crustal abundance of the elements (in parts per million) as the basis for postulating 
presently recoverable resources in the United States and multiplies by 17.3 — the ratio of 
the world land area and that of the United States — for world estimates. Estimated in this 
manner, world recoverable resources of most minerals are theoretically many times larger 
than known reserves. Presently subeconomic resources are not included in these estimates, 
and those that may be brought within economic reach by changes in technology or economic 
conditions would enlarge the estimates shown. So too would whatever subsea resources 
become available, for these estimates apply to the land only. 

With our present state of knowledge one cannot have great confidence in these theoretical 
estimates, especially as applied to specific elements, but they suggest that there are recover- 
able resources beyond those we can see and imagine now and that for many minerals they 
may be large, large enough to support consumption at present levels far into the future. 
Essential in providing such additional supplies is the development of knowledge that makes 
it possible to find concealed deposits, to utilize lower grade and presently refractory mat- 
erials, to substitute abundant for scarce materials, and to extend the resources we have and 
find by improving recovery in mining and processing, by recycling, by improving the 
efiiciency of use, and by reducing waste and improving conservation in use. Some of these 
steps, such as recovery of lower grade ores, may involve increased use of energy and some, 
such as achieving more conservative use, may be difiicult to achieve for other reasons. But 
these are the steps by which to create and extend resources for the future, and they need 
to be vigorously pursued. 

No amount of success in these efforts, however, will support continued exponential in- 
crease in consumption, and it is time for developed countries to begin searching for means 
to taper off the present rate of increase while still improving the level of living of impover- 
ished people through increased efficiency in resource use. 



Table 1 . World production, reserves and resources of selected commodities 
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Table 2 

Potential world recoverable resources* 



Recoverable resource 
potential 

(metric tonsx lO') 

Ratio of potential 
to present reserves 

Antimony 

19 

5 

Beryllium 

64 

4000 

Bismuth 

0.12 

1.5 

Cobalt 

763 

360 

Copper 

2120 

10 

Gold 

0.15 

14 

Lead 

550 

1000 

Lithium 

933 

1200 

Mercury 

3.4 

30 

Molybdenum 

46.6 

23 

Nickel 

2590 

38 

Niobium 

848 

unknown 

Platinum 

1.2 

133 

Selenium 

2.5 

36 

Silver 

2.75 

18 

Tantalum 

97 

354 

Tellurium 

0.015 

0.3 

Thorium 

288 

288 

Tin 

68 

12 

Tungsten 

51 

42 

Uranium 

93 

112 

Zinc 

3400 

(metric tonsx 10’) 

42 

Aluminum 

3519 

3000 

Barium 

17 

223 

Chromium 

3.26 

47 

Fluorine 

20 

600 

Iron 

2035 

23 

Manganese 

42 

67 

Phosphorus 

51 

34 

Titanium 

225 

2000 

Vanadium 

5.1 

500 


* Drawn from Ralph L. Erickson, Crustal abundance of ele- 
ments, and mineral reserv'es and resources, in U.S. Geological 
Survey Professional Paper 820, pp. 21-25, 1973. 


Proposition submitted by Dr. Vincent E. McKelvey 

1 . Developed countries should aim toward reducing their rates of increase in consumption 
of minerals, water, and mineral fuels, and seek to support further economic advance- 
ment through increased efficiency in the production and use of these vital materials. 

2. Governments and intergovernmental bodies should endeavor to raise the level of living 
of impoverished people, in both poor and rich countries, through improved means of 
the distribution of income, eflSciency in use of resources, and other means that do not 
increase world consumption of minerals, water, and mineral fuels. 

3. Governments and intergovernmental bodies should vigorously encourage the processes 
and activities by which resources are created and extended, as through scientific 
research, exploration, prevention of waste, recycling, and conservation in use. 
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Governments, intergovernmental bodies, and the peoples of all countries should strive 
to prevent further growth in world population and to bring world population into 
equilibrium with the earth and man’s supportive capabilities. 

Governments, intergovernmental bodies, and private institutions should dedicate them- 
selves to the advancement of the knowledge and skills of the people of the world in 
order to enhance their abilities to utilize the earth’s resources efficiently and wisely, to 
maintain a safe and satisfying environment, and to enhance the quality of hfe for present 
and future generations. 

Governments and intergovernmental bodies should take steps to appraise potential 
resources and to examine possibly imbalancing resource, environmental, and popula- 
tion trends in order to anticipate and avoid chaotic consequences of resource develop- 
ment and of economic and population growth. 




COPPER RESERVES AND POTENTIAL COPPER 
RESOURCES IN THE PORPHYRY COPPER 
METALLOGENIC PROVINCE OF CHILE 


Sr. Carlos Ruiz 

Director de Servicios GeoJdgicos de la Corporacidn del Cobre de Chile 


The aim of this report is to make a prelimnary estimation of the copper reserves and potential 
copper resources of Chile. The justification for the presentation of this contribution in a 
Colloquium devoted to analyzing the Long-range Mineral Resources of the World is be- 
cause copper is one of the more intensively used metals in the industriahzed world, and 
Chile, as is well recognized, has the greatest copper resources in the world. Therefore, a 
well-founded evaluation of the copper resources of Chile would be of much help in the 
determination of the worldwide occurrence of copper. Inasmuch as most of the copper 
resources of Chile are contained in porphyry copper deposits, the evaluation of this type of 
deposit would give a reasonably true figure of the total amount of copper which is present 
in the country. Furthermore, the fairly regular distribution of copper over large volumes of 
host rocks makes these types of deposits more amenable than others for the calculation of 
ore reserves and potential ore resources. 


THE PORPHYRY COPPER DEPOSITS OF CHILE 

Most of the porphyry copper deposits of Chile are distributed in a narrow longitudinal 
belt located on the western slope of the high Andes at altitudes varying between 1000 meters 
and 4500 meters. This belt, which constitutes the main porphyry copper metallogenic pro- 
vince of Chile, has been found to extend, in an approximate north-south direction, from the 
Chile-Peni border in the north (latitude 18°S) to approximately latitude 39°S; this rep- 
resents a length of 2300 kilometers. To the north of the Chile-Peni border, the same belt 
extends far up to the northern border of Peni. 

All of these deposits are in close spatial and genetic relation with Tertiary intrusive por- 
phyries of mesosilicic composition. Between 30 km to 50 km west of the axis of the belt 
that contains the main deposits appears to be another lineation of porphyry deposits and 
related hydrothermal developments that contain the Andacollo deposit; this lineation, little 
explored until now, is probably genetically related to intrusives of Late Cretaceous age. 

The porphyry copper deposits in actual or past exploitation are those of Chuquicamata, 
El Teniente, El Salvador, Potrerillos, Andina, Disputada, and Andacollo, This list includes 
the two largest copper deposits of the world, El Teniente and Chuquicamata, each one con- 
taining reserves of several thousands of millions of tons of ore. Besides the above-mentioned 
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deposits there are many others which are in different stages of exploration; this group in- 
cludes the deposits and prospects of Mocha, Cerro Colorado, Quebrada Blanca, El Abra, 
Pampa Norte, Sierra Gorda, Sierra Jardin, and Los Pelambres. 



so 100 150 200 Km 


Explanotion 


Scale 114,000,000 


Distribution strip of the wain porphyry copper deposits 

-Port of the zone covered by postminerol rocks 

• Locotion of the main copper deposits and zones of 
related hydrothermal alterations 

Fig. 1 


The most specific feature of the porphyry copper deposits is that they correspond to large 
volumes of mineralized rocks, showing great extensions in three dimensions, these varying 
between hundreds of meters and several kilometers. The largest dimensions in known 
Chilean deposits are found at Chuquicamata and El Teniente. The orebody of Chuquicamata 












cornin risurves and rornNiiAL copper resourchs 


17 


is oval shaped with a major axis of 3600 meters and a maximum width of 800 meters. 
Exploratorj’ work has demonstrated that the vertical extension of mineralization is of more 
than 1000 meters. At El Tenicntc. the mineralized body is roughly circular, with diameters 
var)’ing between 1500 meters and 2500 meters and the known vertical extension is of more 
than 1200 meters. In relation with the vertical depth of the porphyry copper columns, a 
matter very pertinent to the problem of resources evaluations, Lowell and Guilbert (1970) 
have stated that these columns may extend vertically up to 3000 meters. Applying the model 
developed by the above-mentioned authors to the known Chilean porphyry copper deposits, 
it seems very likely that the exposure levels in these deposits vary between the most upper 
part to the middle part of the column. 



Explonotion 
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The Tertiary porphyries related with the porphyry copper deposits in most cases in- 
trude volcanic rocks, although some intrude granitic rocks. In either cases the host rocks 
of the porphyries are of Mesozoic to Early Tertiary age. Post-mineral volcanic and sedi- 
mentary rocks of Late Tertiary or Quaternary age cover part of the area occupied by the 
main porphyry copper belt, eventually burying undiscovered deposits. In the northern half 
of its length, between 40 % and 70 % of the area is covered by the post-mineral rocks and in 
about 40 % of the whole area of the metallogenic province, the pre-mineral rocks do not 
outcrop. 


COPPER RESERVES AND RESOURCES 
IN THE CHILEAN PORPHYRY COPPER DEPOSITS 

In the evaluation of the Chilean porphyry copper reserves and resources we will follow 
the concepts and terminology adopted by the Bureau of Mines and the Geological Survey 
of the U.S. Interior Department (U.S. Geol. Survey Prof. Paper 820). Accordingly, we 
divide the resources in identified resources and undiscovered resources. 

Identified resources are specific bodies of mineral-bearing rock whose existence and 
location are known. This category includes reserves, masses of mineralized rock whose 
extent and grade are known to a greater or lesser degree and which can be extracted at a 
profit with existing technology and at present price levels. Reserves can be divided in turn 
in measured, indicated, and inferred. Measured reserves are the materials that are computed 
from analysis and measurements of well-located samples. Indicated reserves are those com- 
puted partially from sampling and partially from geological projections. The sum of 
materials in both measured and indicated resources are called demonstrated reserves. In- 
ferred reserves is the material in unexplored but identified deposits, for which estimates of 
quality and size are based on geologic evidence. 

Identified-subeconomic resources are deposits not now exploitable economically. In turn, 
these resources are divided in Paramarginals and Submarginals, representing successively 
lower degrees of economic recoverability. It is important to point out that the distinction 
between reserves and identified subeconomic resources do not depend only on the avail- 
ability of existing technology and on the price levels, but also on previous experiences in 
organization and productivity. For example, in Chile some ores have been until now con- 
sidered paramarginals, whereas in some other circumstances and countries they might be 
considered as reser\'es. 

The undiscovered resources are divided into two informally designated categories. Hypo- 
thetical resources are defined as undiscovered resources, which may reasonably be expected 
to exist in a known mining district. Speculative resources are undiscovered materials that 
may occur in known types of deposits in a favourable geologic setting where no discoveries 
have been made. 

Computations have been made on the copper resources contained in most of the known 
porphyry copper deposits and prospects of Chile. These computations are based on the 
information gathered from the Geologic Divisions of the largest porphyry copper mines in 
operation (Chuquicamata, El Teniente, Andina, El Salvador, and Exotica*), from geologists 
in charge of exploration of developing mines (El Abra, Pampa Norte, Andacollo, Sierra 
Jardin, and Los Pelambres) and finally from geologic reports of several prospects (Mocha, 
Quebrada Blanca, and Cerro Colorado). 

• E.x6tica is a secondary copper deposit derived from the Chuquicamata deposit. 
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The bulk results are summarized in Tables 1 and 2. 


Table 1. Reserves 
Identified economic resources 
(metric tons) 


Demonstrated 

Inferred 


Total 


Tons of ore 

Tons of ore 

Tons of ore 

Average grade 
%Cu 

Fine copper 
contained 

6012,000,000 

3253,000,000 

9265,000,000 

1.02 

94,500,000 


Identified sitbeconomic resources 
(under conditions existing until recently) 
(metric tons) 


Paramarginal 


Submarginal 


Total 



Aver. 

Fine 


Aver. 

Fine 


Fine 


grade 

copper 


grade 

copper 


copper 

Tons of ore 

%Cu 

contained 

Tons of ore 

%Cu 

contained 

Tons of ore 

contained 

1970,000,000 

0.51 

10,030,000 

4625,000,000 

0.24 

10,870,000 

6595,000,000 

20,904,000 


Table 2. Undiscovered resources hypothetical 


(metric tons) 

Tons of ore 

Estimated grade 

Fine copper contained 

4500,000,000 

0.76 

34,200,000 


The figures given in Tables 1 and 2 may be compared with the total copper production of 
the countrj', to date, which is estimated to be in the area of 26 million tons of fine copper. 

It should be pointed out that these computations of copper reserves and resources in the 
known porphyry copper deposits and prospects may be considered conservative for the 
following reasons: 

(a) In the operating mines, the resources have been computed to comparatively shallow 
depths varying between 400 meters up to 1200 meters. This leaves out deeper, but 
equally large, volumes of mineralized rocks corresponding to the categories of in- 
ferred reserves and/or of hypothetical resources. 

(b) In most of the mines and prospects in actual e.xploration, the little information cur- 
rently available does not permit the evaluation of the complete potential of these 
resources. 


The area occupied by the main porphyrj' copper mctallogenic province of Chile is far 
from been completely prospected and explored, leaving many undiscovered deposits to be 
found in the future. 
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Hypothetical Resources outside of the known Deposits and Prospects of the Main 

Porphyry Copper Province, and estimation of ultimate resources of the said province 

In the first place, as it was stated above, 40 % of the area of the said metallogenic province 
is covered by post-mineral rocks, leaving probably approximately the same percentage of 
the total copper resources of Chile as undiscovered buried deposits. But, on the other hand, 
possibly part of these undiscovered deposits may have an overburden which is too thick to 
be economically exploited at this time. 

In the 60 % of the uncovered area of the porphyry copper metallogenic province, it can 
be stated, as a very rough estimation, that more than half of it has not been even reasonably 
prospected. 

In accordance with this reasoning, the resources computed in the known deposits and 
prospects, which are about 150 million tons of fine copper, are contained in approximately 
one-third of the whole area of the porphyry copper provinces. As mentioned before, part 
of the covered area may contain non-commercial deposits, but on the other hand the amount 
of resources computed in the known deposits is a conservative figure. Therefore, it is 
justified to estabhsh as a preliminary estimation that the ultimate copper resources of the 
Chilean porphyry copper provinces are approximately 450 million tons of copper, of which 
100 million tons are reserves. 
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Population growth, higher demands for civilization, and industrial development have in- 
creased the needs of mankind rapidly and, thereby, increased the per capita use of many raw 
materials. The rise in consumption has been faster in the last decades than during any other 
period in history. For this reason, the problems of the world’s future mineral and energy 
supply must be investigated. These studies, which are conducted by numerous scientists in 
the world, lead to estimates about the life of resources. Bases for such estimates are data 
about measured and indicated reserves, actual production and consumption rates, and 
trends in production and consumption. 

The results of some investigations about the world’s future mineral and energy supply 
have been published. They were a shock in industrialized countries because they indicated 
lives of less than 20 years for some essential elements (mercury, tin, and zinc, for example). 
This catastrophic outlook about the future supply of some important metals raised the 
question about the accuracy of such resource estimates. 


ACCURACY OF RESOURCE ESTIMATES 

All estimates about the time of mineral depletion have to consider that we shall never 
arrive at figures about reserves and consumption sufficiently definite to find out the fatal 
moment at which everything will be exhausted. For this reason all estimates are rather 
doubtful. This appears most clearly if we compare the data published in 1952 in the “Paley 
Report” with the data available today. In this report, a complete picture was given of the 
production, consumption, and reserves of various raw materials in the year 1950 both for 
the U.S.A. and for the rest of the world. Also given were estimates for 1975 of production 
and consumption of the same areas. A comparison between the Paley Forecast for 1975 
and corresponding figures for 1972 (Metallgesellschaft A.G.) is very instructive (Table 1). 
The over-estimates of U.S. consumption for 1975 in the Paley Report and the under- 
estimates of the consumption in the Western world other than the U.S.A. is apparent. 
Another estimate, the world production of lead metal between 1950 and 1973, shows a 
similar situation. The lead production in 1973 was 52% higher than the world reserves of 
lead calculated in 1950 (31% for the Western countries and 218% for the East-block 
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countries). Also the reserves of lead metal calculated in 1973 are greater than the reserves 
of 1950 and the total world production between 1950 and 1973 combined. 


Table 1. U.S. mine-production, U.S. consump- 
tion and Western-world consumption (except 
U.S. A.) of copper, lead, and zinc for 1950 (Paley 
Report), 1975 (Paley forecast), and 1972 (Metall- 
gesellschaft A.G.) 

(in 1000 metric tons of metal) 


Copper 

1950 

1975 

1972 

U.S. mine production 

823 

725 

1490 

U.S. consumption 

1570 

2300 

2023 

Western-world consumption 
(except U.S.A.) 

1219 

1872 

4170 

Lead 

U.S. mine production 

390 

270 

561 

U.S. consumption 

1100 

1770 

1300 

Western-world consumption 
(except U.S.A.) 

766 

1360 

2210 

Zinc 

U.S. mine production 

560 

630 

437 

U.S. consumption 

1048 

1440 

1300 

Western-world consumption 
(except U.S.A.) 

983 

1546 

3445 


An old Chinese proverb says : “To prophesy is extremely difficult — especially with respect 
to the future”, which is valid also for resource estimates because of the presence in such 
forecasts of unknown factors whose magnitude cannot be taken in account. 

One of these factors is the possibility of discovering new mineral deposits on the continents. 
Formerly geologists discovered such mineral accumulations simply by eye and hammer. 
Improvements in exploration technology together with better geological knowledge led 
recently to discoveries which could not be expected some decades ago. The application of 
remote sensing methods and modern geochemistry and geophysics opened ways of explora- 
tion for the deposits which were hardly recognizable at the surface. This exploration tech- 
nology will be continuously improved, making possible the discovery of additional re- 
sources. 

Another important factor is the exploitation of low-grade ore deposits. The exact figures 
of the total resources of low-grade ores in the world are not known. The increasing demand 
on primary material and the danger of depletion of the known mineral deposits will raise 
the trend to exploitation of low-grade ore. This trend is obvious, for example, in copper 
mining where the limits of pay decreased from 5.2% in the year 1800 to less than 0.5% at 
present. 

With regard to Germany there is sufficient quantity of low-grade iron ore. However, 
production had stopped due to the availability of high-grade iron ore on the world market. 
Nevertheless, low-grade ore represents an enormous reserve for future times or in shortage 
situations. Such low-grade iron ore reserves are known from many other industrialized 
countries. 

The increasing production of lower-grade ores requires new technologies and more 
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energy and adds to the danger of environmental pollution due to greater quantities of 
mineral waste. 

One factor of uncertainty in resource estimates is the possibility of exploiting deposits in 
areas with insufficient infrastructure. But we have to consider that, in the near future, the 
infrastructural conditions in the Arctic, for example, will become more favourable for 
exploration and exploitation. Climatic conditions which formerly represented an obstacle 
for both have already been overcome. What actually remains are the difficulties in access 
and road building and the high transportation costs. With increasing prices of raw materials, 
these difficulties can be easily governed by adequate technology. But it is clear that the 
inclusion of such resources in our estimates yields only a short-term effect. For long-term 
estimates they are of less importance. 

One of the most striking events in the field of resources was the discovery of mineral 
accumulations on the sea floor and along the coasts. In the sea we find various elements in the 
water, in the sediments, and in concretions. 

Important elements in seawater are Cl, Na, and Mg (> 1 g/1) and S, Ca, K, Br, C, Si, B, 
Si, and F (> 1 mg/1). Only Mg, B, and Cl (as NaCl) are economically extracted today. The 
possibility of extracting gold from seawater was demonstrated by the German chemist 
Haber. In the same way it is possible to extract uranium and other elements from seawater 
if we forget economy. These reserves are practically inexhaustible. Elements which we en- 
counter in the sediments and in concretions originate predominantly from the continents. 
Only a minor percentage of the material is from submarine volcanism and related hydro- 
thermal activity. Responsible for the formation of mineral deposits are enrichments pro- 
cesses such as selective sedimentation, where mechanical and chemical resistance of the 
original material, currents, bottom morphology, temperature, and seawater composition 
play an important role. Biochemical processes with selected concentration of some elements 
in the skeletons of marine organism may be also of importance. 

The formation of concretions is very common in the marine environment and represents 
another enrichment process. Important concretions are those of calcium phosphate which 
contain uranium and fluorine and ferro-manganese nodules. The latter may become im- 
portant as a source of raw material. Accumulations of Cu, Ni, Co, Ti, V, and Pb also occur 
in the ferro-manganese nodules. The content of manganese in the nodules is between 8 and 
40%, that of copper and nickel up to 1.5%. Ferro-manganese nodules rich in copper and 
nickel occur, for example, within a 550-mile-wide transpacific belt approximately 600 miles 
south of Honolulu. At present we must consider the deposits of copper and nickel con- 
taining ferro-manganese nodules as “resources” because there is, as yet, no proven tech- 
nique available for producing such materials from beneath several thousand meters of 
seawater. They will be exploitable reserves when economic production is possible. The 
metallurgical problems for dressing the very fine-grained and very complex ores must be 
solved. The environmental impact on the seawater also should not be forgotten. High 
investment costs for a general recovering system have to be considered and the legal aspects 
in relation to sovereignty over the seas cannot be neglected. 

On beaches and at shallow depth on the continental platform, waves and currents are 
mechanically sorting sediments in such a manner that resistant and heavier materials 
accumulate selectively. The concentrated material in marine placers, such as cassiterite, 
zircon, rutile, ilmenite, monazite (cerium and thorium), and diamonds, has long been 
produced. 

Another factor of uncertainty in resource estimates is : improvements in mining technology. 
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There exists the possibility of discovery and assessment of resources presently untouched by 
our deepest mines and wells. At present, however, physical limitations upon depths to 
which mining activities can be carried on impose restrictions not only for the evaluation of 
hypothetical resources at great depths but also on the chances of their recovery. Develop- 
ment of more adequate, safer, and more efficient mining systems may significantly increase 
underground extraction in the future. An example of improved mining technology for the 
future times is the research on in situ combustion of oil shales. 

Basically improvements in dressing (another factor of uncertainty in resource estimates) 
are dependent not only on technology but also on energy input, economics, and environ- 
mental impact. With regard to technology, some metals are frequently lost in the dressing 
processes and could be recovered by improved technology. One example is vanadium which 
is lost during operations in treatment of crude oil, another is niobium lost in bauxite dress- 
ing, and a third is the uranium which remains in some fertilizers. 

New dressing methods, such as biological leaching of various ores of nonferrous metals, 
may considerably increase the recovery of these elements. The extraction of nickel from 
ultrabasic rocks such as serpentinite, which contains 0.2-0.4 % nickel, depends on improve- 
ments in metallurgical technique. In northwest Argentina, for example, is abundant ser- 
pentinite (Sierra del Toro Negro, La Rioja), which contains nickel (up to 0.5%) and 
asbestos (5 %). Neither the extraction of asbestos nor of nickel is economical at present. 
Combined extraction involving air suction to recover asbestos from the broken rocks as 
well as recovery of nickel could eventually lead to an economic process. 

Many other similar processes could be mentioned in which improvements in dressing 
and metallurgy would cause a considerable increase in the recovery of some metals. 

Finally, to paraphrase Brooks and Andrews (1974) the discovery of a new deposit adds 
a new mine to the stock of a single country, but a new technology can open up resources 
across the world. Even modest advances in technology result in mineral deposits becoming 
more rather than less available and in mining in more rather than in fewer regions. 
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INTRODUCTION 

Mineral resources constitute the essential material basis of industrial society. The question 
of how to maintain a continuing flow of mineral raw materials without intolerable environ- 
mental or socio-political consequences is a central issue in attempting to formulate a plan 
of action for bettering the future prospects of mankind. 

The factors that determine the quantity of minerals available are complex, both for the 
world as a whole and for its parts. What is available depends on where you are; on when 
you are there; on the geological and metallogenic characteristics of the region; on the flscal 
and energy costs of mining, mineral processing, transportation, and fabrication. It also 
depends on environmental and sociopolitical costs such as pollution of air and water, 
disturbance of the land surface, thermal imbalances, the dislocation of people’s lives in a 
variety of ways, and international tensions. It is no wonder that such a situation leads to a 
variety of ways of stating the problem, a variety of assessments of its tractability, and a 
variety of proposed solutions. Indeed, it sometimes seems as if otherwise intelligent and 
well-informed people were more interested in the semantics of the problem, or in staking 
out and defending particular positions with respect to it, than in coping with it. I will pro- 
ceed on the assumption that we would not be here if we did not both see a problem and 
wish to cope with it. But semantic issues cannot be ignored entirely. 

One of the main semantic problems turns on what is meant by the term costs, and by the 
use of other terms like “infinite” or “near infinite”, which arise from observations such as 
that “the entire planet is made of minerals” and that metals once mined, extracted, and 
fabricated do not leave the earth but remain available for reuse. When I speak of costs, I 
speak not only of fiscal costs. I include the total costs of mineral production and use, more 
of which should be converted to fiscal costs by various ameliorative and restorative actions, 
but costs society pays, nevertheless, in one way or another. In the long range, one must 
include in the costs to humanity not only the costs of protecting and restoring its environ- 
ment, but the international tensions and threats of armed conflict that arise where mineral 
lifelines are threatened. As for the use of terms like infinite and near infinite as applied to 
earth and its resources, they simply make no physical sense, even though absolute quantities 
of any given element may be very large. The arithmetic trap that leads to such unrealistic 
statements is matched in absurdity only by the problem of where the ever-growing hordes 



26 


PRKTON S, CLOUD 


of undcrnourislicd Iiiinianity arc to stand while the entire crust of the earth is mined beneath 
their feet! 

It is interesting to note that even a good many of those who argue tliat there arc no 
economic limits to what can be produced in tl>c way of mineral resources agree that other 
limitations exist (c,g. Brooks and Andrews, 1974), Although they do not include these 
factors in their cost estimates, they foresee large problems of environmental pollution and 
economic dislocation arising from continuing high rates of exploitation, especially as ever 
lower grades of ore arc mined to supply growing world demand and old, populated mining 
regions arc closed out. The conclusion ordinarily reached is that the growth of such adverse 
effects will lead eventually to limitation of population growth, consumption and production ; 
that this will lead to new "natural” balance; and that such a world in balance will live on . 
recycled metals and substitute materials. That is certainly not an impossible dream, although 
to depend on its working out without great intervening hardships for mankind calls for a 
very high degree of optimism. Indeed, there arc those, including myself, who believe that 
mankind should seek less hazardous ways of achieving the new balance that nearly all 
knowledgeable people agree must eventually come. 

Nevertheless, if we really knew, even within an order of magnitude, what the ultimate 
“safe” production of mineral resources was likely to be for the world as a whole, for in- 
dividual nations, and for specific commodities, we would be in a better position to deal 
with other aspeets of the predicament of mankind. 

The problems of arriving at such estimates arc not negligible. The target moves, and its 
dimensions vary, as social preferences and opportunities change, as technology and its 
economic feedbacks change, as geography changes, and ns geological knowledge and con- 
cepts change. 

The rest of my discussion will deal primarily with metallogenic and geographic variations, 
and with physical limitations as they affect the precision and accuracy of mineral resource 
estimates. 


ESTIMATING RESERVES, RESOURCES, AND TOTAL STOCK 

In the simplest terms, mineral raw materials useful to man comprise three categories: 
(1) the total stock within the earth; (2) that part of the total stock which might under con- 
ceivable circumstances be obtained at a cost in all terms that would make it profitable and 
sensible to do so, and which may therefore be considered as a potential resource; and (3) 
that part of the potential resource which has become a reserve by virtue of being physically 
demonstrated to exist in economically obtainable form. 

In estimating total stocks we could, of course, consider the entire earth. In addition to 
other problems, however, the core and mantle of the earth arc not likely to become accessible 
to mineral prospecting and development on a large scale, so we may limit our considerations 
to earth’s outer 10 to 35 kilometers — its “crust”. The composition of many crustal rocks is 
known from chemical analyses, and, from these, we arrive at estimates of “average crustal 
abundance”. The product of average crustal abundance for a given element multiplied by 
2.4 X 10’^®, the mass of the crust in metric tons (under sea and land alike) gives the total 
stock for that element, perhaps within an order of magnitude. The numbers obtained are, 
of course, very large. 

Estimates of reserves also are relatively simple to make. One just gets the figures from all 
mining enterprises and adds them up. If each estimator gets the same numbers and adds 
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llicm correctly, the precision is good, but the meaning of the numbers is clouded with am- 
biguities involving price, cutoff grades, and legal complications and development policies 
that influence how large a reserve it is practicable to develop and announce for a given 
mine or district. In any case, world reserves of the elements are not known with a very high 
degree of accuracy. They arc mainly useful in estimating lifetimes of supplies of a given 
mineral or clement known to be available at a given rate of demand. Such lifetimes, how- 
ever, can be verj' misleading, ^^^lcn they arc obtained by projecting current rates of demand, 
the usual pattern, they give unrealistically long lifetimes for the quantities considered. 
When growing rates of use arc taken into consideration, they may give excessively short 
lifetimes by failing to consider extension of reserves by economic factors or geologic dis- 
covery’, or by substitutions of materials or technologies leading to reduced rates of demand 
growth. 

What we should really like to know is: what arc the ultimate recoverable resources, taking 
all kinds of costs into consideration, and where arc they located? It seems evident, as Dr. 
V. E. McKclvcy has observed on several occasions, that there must be some relation be- 
tween ultimate recoverable resources and crustal abundance, or total stock. But what is the 
relation? As you heard a short while ago, McKclvcy (in U.S.G.S. Prof. Paper 820, Brobst 
and Pratt, editors, 1973, and elsewhere) has also introduced the idea of conditional resources 
and undiscovered resources (both hypothetical and speculative) as an aid to the discussion of 
the relation between ultimate resources and total stock. 

Unfortunately, no simple way is known for achieving sensible, direct estimates of ultimate 
rcscn'cs. In addition to their relation to the various kinds of cost factors, such estimates, 
for a given area, depend on whcUicr a particular clement is present or not, in what concen- 
trations, how dispersed, and in rocks of what type and age. 

The latter factors, unfortunately, arc not sufficiently considered in estimates ordinarily 
published. A favorite rule-of-thumb among mineral economists is that the quantity of the 
substance sought increases with decreasing grade — the so-called grade-tonnage, arithmetic- 
geometric, or Lasky ratio (Lasky, 1950). Although this appears to be roughly true for some 
kinds of ores, in some places, down to certain grades, it docs not apply to others; and it 
docs not apply generally even to the porphyry copper deposits (Singer, Cox, and Drew, 
1974) from which the idea was initially formulated. 

A great difficulty is that there arc many different kinds of mineral deposits and no single 
rule applies to all. We can, however, make some sweeping simplifications that are doubtless 
invalid in detail, but which may illuminate the problem. Mineral deposits in general are 
formed cither by endogcnctic or cxogenctic processes. Endogenetic processes are those that 
take place within earth’s crust as a result of igneous and metamorphic events. Their effect 
is usually concentrative. They enrich local segments of the crust far above average crustal 
abundances for particular minerals or elements. Exogenetic processes are those that take 
place at or near the surface of the earth as a result of weathering and the movement of 
meteoric waters. They may be distributive or concentrative. They may disperse gold from 
a primary ore but concentrate it in placers. They may create exogenetic ore deposits like 
bauxite or enrich older exogenetic or endogenetic ore bodies by selective removal of other 
elements. While enriching some ore bodies they may eventually disperse others entirely. 

In general it seems that exogenetic ore deposits and potential resources are more likely 
than are endogenetic ones to array themselves along a single, relatively symmetrical, 
logistic distribution curve, that is to obey (approximately) the Lasky ratio. Endogenetic ores 
are more likely to show a bimodal type of distribution. One class, probably comprising 
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most known cndogcnctic ore deposits and similar undiscovered ones, seems (o cluster 
around one smaller distribution mode that is far above average crustal abundance. A sub-, 
stantial gap probably exists between such concentrations and the main logistical curve of 
crustal abundances for the same element. 

Such factors complicate our attempts to estimate ultimate mineral resources, whatever 
economic, sociopolitical, and demographic model we choose to cast them in. The preferred 
habits of minerals of different type show large variations in the nature of their host rocks, 
in age, and in space. 


GEOGRAPHIC VARIATION 

It is, of course, well known that abundance of the elements and the minerals that contain 
them vary greatly with location. A mining district is a place where certain types of metals 
or minerals that arc not intrinsically unusual either greatly exceed their crustal abundance, 
or are easily concentrated because of some distinctive physical property sueh as specific 
gravity, magnetism, or chemical reactivity. 

We need not linger on this subject. The unevenness in world distribution of minerals is 
front-page news. We all know about the concentration of oil in the Middle East, of oil 
shales in the U.S. and Brazil, of tar sands in Alberta, of diamonds in South Africa and 
Yakutia, of tin in Bolivia and Indonesia, of mercury in Spain and Yugoslavia, of molyb- 
denum in a small area of the Rocky Mountains, of porphyry coppers and massive sulfide 
deposits in certain mountain ranges along continental margins, of gold in a few of the more 
ancient areas of tlie world, and of the almost total dependence of Japan’s great industrial 
development on imported raw materials. 

A more interesting question is why mineral deposits arc unevenly distributed over the 
earth and how we can better aim for the elusive, moving, and variable targets they present. 


METALLOGENIC PROVINCES AND EPISODES 

One way of improving our ability to identify target areas is to analyse scientifically the 
kinds of geological and geochemical processes that are involved in the formation and 
localization of ore deposits. Such analyses have led to the recognition of a strong preference 
among many types of mineral deposits for rocks of specific kinds and ages, in specific parts 
of the earth. Mineral deposits show a correlation with the age, structure, and geochemical 
nature of the enclosing rocks. 

Thus we come to the recognition of metallogenic provinces and metallogenic epochs, 
which, in turn, has led to a still small, but important, global program for the preparation of 
metallogenic maps of the earth under auspices of the International Union of Geology and 
Geophysics and the leadership of Prof. Pierre Lafifitte. More recently, the sweeping con- 
cepts of plate tectonics have brought sense to some of these localizations, especially to those 
seen along the leading edges of continental plates in convergent and overriding juncture 
with the downgoing edges of ocean plates, or in areas of formerly convergent continental 
plates. A number of observers have pointed out that this is where a large proportion, if not 
all, of the known porphyry copper deposits of the world are located. Furthermore, there is 
a strong tendency for such deposits to be found in rocks between about 30 and 120 million 
years old, with a concentration in rocks around 60 to 70 million years old. Precious metals 
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of late Mesozoic to Tertiary age, tin, and a number of other metals are found in similar 
settings. 

The largest and richest gold deposits of the world, however, are found in the ancient 
sandstones of the Witwatersrand and in still more ancient greenstone belts within the con- 
tinental nuclei. They were formed by endogenetic processes, acting within a particular 
geochemical milieu, over a span of time reaching backward from about 2.6 x 10® years ago, 
when the crust of the earth was thinner than now and the geothermal gradient steeper, 
then locally redeposited. 

The formation of bauxite and related lateritic mineral deposits is a function of chemical 
weathering related to particular times and parts of the earth — most notably to the tropical 
and subtropical regions of the globe during relatively warm and equable climates such as 
prevailed widely in late Cretaceous and early Tertiary time. Of course, rock types initially 
rich in alumina are favored — high alumina clays, syenite, and anorthosite, for instance. 
Such rocks, indeed, are themselves locally used as a source of alununum and will become 
increasingly important as ores as the bauxite is depleted. 

Another example of metallogenic provinces and episodes is provided by the famous 
banded iron formations which supply the great bulk of the world’s iron. Several important 
episodes of banded iron formation are recogm'zable, all having been completed before 
about 2 X 10® years ago. The most important, the one during which all of the great iron 
deposits whose reserves or probable reserves are measurable in terms of tens of billions of 
tons, took place between perhaps 2,2 and 2x 10® years ago. The major deposits appear to 
be exogenetic ores that precipitated chemically from the open waters of marine basins, on 
subsiding shelves along the continental mar^ns of the time, and were at places exogenetic- 
ally enriched by later oxidative weathering. The processes involved were so effective and so 
extensive that iron is one metal for which shortages are not likely to develop in a rational 
world. There has never been another episode of iron formation of such magnitude, probably 
because the one described was the result of unique early earth conditions of hydrosphere 
and biosphere that have not been repeated on a large scale. 

Whether or not one believes that really common rock will ever be mined as a source of 
many raw materials, it will always be sensible, in man’s retreat to ever lower grades of ore, 
to seek the higher grades first and to base his technology, in so far as possible, on the more 
abundant minerals. 

In attempting to do this we will need all the help we can get from the concepts of metal- 
logenic provinces, of metallogenic episodes, and of plate tectonics. Efforts in these areas 
should be supplemented by and integrated with active global and regional programs of 
geologic mapping and research, geochemical census, technological research aimed at im- 
proved mining and extractive practices, and constant effort to eliminate or minimize adverse 
environmental effects — all considered as proper parts of the costs of maintaining healthy 
industrial societies. One goal of technology should be to assess what kinds of industrial 
society could be maintained on common and abundant mineral commodities alone — on 
iron, aluminum, magnesium from the sea, and the silicates; commodities whose extraction 
in very large quantities need not have unmanageable environmental or sociopolitical 
problems. 


SOME PHYSICAL LIMITS TO ULTIMATE MINERAL PRODUCTION 
Thus we see that the quantities of metals and other materials in the earth’s crust or 
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dissolved in sea water are very large, even though not infinite or near infinite in any physic- 
ally meaningful definition of those terms. We also see that there are ways of assessing scien- 
tifically the mineral prospects of various parts of the earth and of narrowing the target areas 
to places where the higher grades of yet undiscovered and unexploited ores are to be found. 
Does this mean that we can mine and recycle the entire crust of the earth or recover the 
10 billion tons of gold that are dissolved in ocean waters? It does not— although fortunes 
may be made and lost in the effort to do so. I have gone through the exercise for copper, to 
try to come up with some reasonable number for the amount that might eventually be 
mined. Multiplying the mass of the crust by the average abundance of copper (55 parts per 
million) gives a total stock of about 1.3 x 10^® metric tons. We will never mine that much 
copper. No one knows the real figure for the tonnage of copper that eventually will be 
mined, but it must be several orders of magnitude smaller than the total stock. My own 
rough estimates suggest that somewhere between 10® and 10^® tons is possible for copper. 
This is between 4 and 30 times presently known reserves. A ten-fold increase, at current 
rates of growth of consumption, would lead to depletion around the year 2050. Obviously 
we will not mine copper at constant rates of increase right up to the point of 3.4 x 10® tons 
and then stop. Many factors can and some will intervene to prevent this happening. But, 
as Professor Marois has advised in his presentation of the conference, mankind should be 
in “a state of permanent watchfulness” as regards the flow of copper and other raw materials 
deemed essential to an efficient functioning of society. 

In maintaining such a state of watchfulness we should be aware of some physical limita- 
tions: 

1. The entropy of close systems always increases. With respect to minerals, Earth is 
a closed system. Free energy is converted to bound energy and concentrated materials 
become dispersed. We restore such concentrations at a cost in free energy which is forever 
lost to the growing stock of bound and thus unavailable energy. 

2. Even though the potential quantities of free energy are very large, their use involves 
hazards to ecosphere and biosphere that increase as the quantities of energy used 
increase, 

3. Exponential growth of demand, being brought about and to be brought about by 
exponentially growing world populations, increasing per capita consumption on the part of 
the now affluent, and the expected and greatly to be desired increases of supply to the now 
deprived peoples of the earth creates an almost insuperable problem. No rate of production 
can meet such requirements for long, even were it feasible, without very serious and prob- 
ably intolerable environmental consequences and growing global tensions. 

4. Half-way measures such as recycling are simply that — half-way measures at best 
where demand grows exponentially — which is not to argue that recycling should not be 
emphasized and improved. Bear in mind, however, that even total recycling, were it prac- 
ticable, would get only half of what is needed for each doubling of demand. Even substitu- 
tion, helpful though it is, and can be, rarely eliminates continued growth in demand for 
the commodities substituted for where the whole economy is growing. Curves of growth in 
the use of glass and paper for containers, for instance, do not even show an inflection at the 
point where plastic was introduced. 

5. Even human ingenuity, vain and self-congratulatory though we may be in proclaiming 
it the one truly illimitable resource, does have limitations. We cannot go faster than the 
speed of light, extract nickel from the core of the earth, abolish entropy, or circumvent 
other laws of physics. Technology, for all its past and expected future triumphs, must even- 
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illy reach a plateau. Indeed, we may already be approaching such a plateau, especially if 
Dport for the essential underpinning basic research continues to decline. 

3ne of the nobler aspects of human nature is our drive to probe the limits, to thrust 
ward until we can go no further and then perhaps to gain still a bit more ground by 
ne masterful feat of ingenuity, circumvention, or sheer determination. This does, indeed, 
;m to be a valid and stimulating outlook for the exploration of space or particle physics, 
is quite a different and more doubtful matter whether such a course is a wise one for 
mkind in his occupancy and use of planet earth. Our exponentially filling world and 
)wing material consumption may simply involve quantities now too large, combined 
th rates of growth now too fast, to bring under control after impending limits come 
arly into view. 

Growth in itself has long been seen as a goal by industrial societies. Indeed, great ad- 
aces for mankind in general — in sanitation, medical care, and education, for instance — 
ve gone hand in hand with industrial growth. 

But the genie is out of the bottle. What was or seemed to be good for parts of the world 
er a particular interval of history leads increasingly to adverse environmental and socio- 
litical effects that call for a reexamination of goals and means. 

Surely growth as a goal makes no sense after maturity has been attained. Even in reaching 
iturity, growth is only a means to an end and not a sensible end in itself. 

The peoples and nations of the earth need to analyse and define their goals in fundamental 
manistic terms. Having done this, it will be appropriate to ask whether material growth 
1 good means to agreed-upon ends — and, if so, to what ends and at what rates ? Combined 
th this should be a thoughtful evaluation of other means to sought-for ends. If, after the 
ablishment of a floor of basic physical comforts, it is a goal of societies to enhance the 
man condition, it is not difficult to think of non-materialistic means toward this end. 
will be difficult, however, to establish even that essential floor of minimal basic 
ysical comforts and adequate nutrition for the world at large if global population growth 
ntinues. 

That state of permanent watchfulness so wisely advocated by Professor Marois, and so 
iatly to be desired, needs to be global, many faceted, and unwavering. And this watch- 
Iness needs to be implemented by national actions and global convenants aimed toward 
uity among men and nations and the general improvement of mankind, not only for 
ing but for future generations. An essential step in bettering the outlook for the future is 
initiate, with all possible speed, such policies and actions as are best calculated to bring 
)rld population to a state of balance with the capabihties of the planet to sustain it in- 
finitely at a reasonable level of comfort for all. 
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DISCUSSION 


BERMAN: La plupart des calculs que nous avons entendus, ou qtn onf efe lealises, sur les estimations des 
ressources minieres, supposent la possibilite d’exploiter, mais surtout de trom’er des filons qui, selon les 
auteurs, sont situes a 400 m, 1 200 ro, ou meme jusqu’a 1 5 Lm de profondeur. Cependant, meme Jorsque Ton 
a localise des zones ou la probabilite de trouver des depots est la plus forte, il faut encore trom’er ces depots, 
si bien caches soient-ils. Or actuellement presque toutes les mines dKom’ertes sont fondees sur des indices 
qui existaient en surface. Je voudrais done savoir si les techniques actuelles pour trouver des gisements dont 
aucun indice n’existerait en surface sont suffisantes; et si tel n’est pas le cas, si les recherches en cours dans 
le monde pour trom'er de telles techniques sont suffisantes. 

CLOUD: No, I don’t think present techiuques are adequate and not enough research is being done. 
Concerning the effort to develop techniques, geophysical, geochemical prosi>ecting and otherv.'ise, for dis- 
covering concealed ore deposits — although there are small programs in this direction vilthin U.S. Gk)logical 
Surs'ey and other places, that effort needs to be greatly enhanced and supplemented. I would refer that 
question to Dr. McKelvej', who is obviously much more familiar with the U.S.G.S. program than I. 

McKELVEY : There have been some discoveries already of some deposits that are wholly concealed, but 
I concur with Dr. Cloud that that topic of developing better methodology for the identiScation of con- 
ceal^ deposits is one that, v/hile it is being pursued, in my estimation is not bring pursued at an adequate 
level. 

CLOUD: I might add that in addition to developing the tedmiques for searching for concealed ore 
deposits, there is a great need for investigation also in the methods for recovering anj’ deposits found from 
very great depths. 
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Evoquer la disponibilite de ressources minerales dans le futur, en regard du phenomene de 
la croissance economique, c’est s’interroger sur deux questions essendelles : 

— raccroissement des echanges entre les differentes regions du monde, echanges oii les 
matieres premieres jouent un role primordial, puisque c’est a partir d’eUes que vont 
s’operer les activites de transformation, 

— I’eflfort financier et industriel engage des le present, c’est a dire I’investissement, 
propre a assurer dans une ou deux generations une capacite de production en rapport 
avec revolution de la demande, 

Je me limiterai ici a trailer des investissements necessaires au renouvellement des 
ressources dans les economies des pays industrialises, Pourquoi cette distinction? 

A la lueur d’evenements recents, qui ont affecte non seulement les substances energetiques, 
mais encore un bon nombre de matieres minerales — phosphates, cuivre, mercure, bauxite, 
minerais de fer, etc. — une tendance s’est fait jour dans I’opinion pubh’que, qui viendrait a 
considerer le probleme de I’exploitation et du renouvellement des matieres premieres en 
terme d’antagonisme entre pays insuffisamment developpes et en mSme temps detenteurs 
de I’essentiel des ressources pour I’avenir, et pays riches et industriah'ses s’eflforgant de 
puiser chez les premiers — et a leur detriment — ces ressources dont ils ont un besoin imperatif. 

Cette analyse quelque peu sommaire ne resiste pas a un examen objectif de la repartition 
des productions minerales et des ressources potentielles dans les differentes regions du 
monde. Neanmoins, il apparait qu’a des degres divers, la plupart des nations industrialisees, 
— quelle que soit I’importance de leurs productions et de leurs ressources nationales, ont 
besoin de completer leurs approvisionnements aupres de pays moins developpes, et qu’a 
I’inverse ceux-ci auront encore besoin, tout en organisant progressivement leurs propres 
industries de transformation, de continuer a vendre une fraction notable de leurs produits 
mineraux. 

De cette situation d’ensemble, il ressort que les economies des pays industrialises, tout 
en ayant a soutenir un courant dhnvestissements dans les pays en voie de developpement— 
sous forme d’aide ou de participation directe, preservant les droits de ceux-ci sur la pro- 
priete des gisements et la commercialisation des produits— ont, sur leur propre territoire, 
un role a jouer dans I’eflfort de renouvellement des reserves disponibles, au moins equivalent 
a celui qui devra s’operer dans les territoires plus neufs. 



34 


J. P. GAUTSCH 


Nous devons done nous poser les questions de savoir dans quelles conditions, dans quelles 
directions et a quels couts devront s’exercer les efforts entrepris pour augmenter les reserves. 


LES CONDITIONS 

On pent degager trois motivations essentielles aux investissements dans le secteur des 
matieres premieres. 

L’importance des besoins futurs impose de chercher partout a valoriser les ricbesses 
naturelles, sur tons les continents, et meme dans les zones immergees des oceans. Les chiffres 
de croissance de la consommation de I’acier, des metaux non-ferreux et d’autres materiaux 
de base d’origine minerale, qu’on pent tirer par exemple de la lecture de rapport de juin 
1973 de la Commission Nationale des Etats-Unis sur la politique des materiaux, sont bien 
connus, sans qu’il soit necessaire que je les enumere ici. 

Les statistiques fran?aises appliquees a la decennie.ecoulee indiquent que le taux moyen 
de progression de la consommation annuelle a ete particulierement fort pour certains 
metaux ou certaines substances; 6,5% pour I’aluminium, 7% pour le nickel (ce qui corres- 
pondrait a un doublement de la consommation tons les dix ans, si un tel taux devait se 
maintenir) et 9 % pour la fluorine. 

La necessite du developpement economique impose aux pays dont le revenu per capita 
est encore tres insuffisant de valoriser leurs ressources, afin de degager les revenus qui leur 
permettront de prendre part au progres general autrement que par le biais d’une assistance 
Internationale d’une duree illimitee et contraignante. 

Le reflexe legitime des pays industrialises de preserver une autonomie au moins relative 
de leurs approvisionnements, leur impose un effort de prospection et de raise en valeur de 
leur propre territoire, • 

“Un plan d’actions pour rhumanite”, theme central de nos debats, implique que ces 
necessites se resolvent non dans des voles conflictuelles, mais en terme de complementarite. 


LES DIRECTIONS 

Trois grands champs d’action sont ouverts aux investissements de la recherche mini ere: 

Dans les pays industrialises, oil les gisements affleurants ont en general ete reconnus, les 
prospections devronts ’orienter vers des gisements d’acces plus diflBciles, e’est a dire qu’elles 
imposeront I’elaboration et la mise en oeuvre d’une technologic de plus en plus complexe. 

Considerons a cet egard le montant total des investissements consacres en 1972 aux 
recherches minieres sur le territoire fran9ais (y compris pour le nickel de Nouvelle-Cale- 
donie, mais en laissant a part les prospections pour I’uranium, comptabihse avec les sub- 
stances energetiques) : ce montant s’elevait a 118 millions de francs, auxquels il convient 
d’ajouter 14 millions de francs affectes a la methodologie de la prospection et aux etudes de 
valorisation des minerais, soit done un total de 132 MF. Les depenses ainsi engagees 
representaient pres de 6% de la valeur de la production miniere de I’annee precedente, 
valeur qui se chiffrait a un peu plus de 2200 millions de francs. II est significatif de comparer 
le rapport calcule pour la France a celui etabli pour le Canada, qui, pour des investissements 
de I’ordre de 95 millions de dollars,* donne une valeur sensiblement ihferieure, d’environ 
3,5 %. L’explication de cette difference pent etre donnee dans le fait que de vastes etendues 
recelent encore au Canada bon nombre de gisements de type classique. Dans une certaine 
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mesure, et en depit des intenses efforts d’exploration menes ces dernieres annees, les con- 
ditions de la prospection s’apparentent ici a celles rencontrees dans des pays moins develop- 
pes. 

Les pays en voie de developpement, qui constituent un deuxieme vaste champ d’action, 
beneficieront grace a leurs ressources potentielles encore intactes, d’un certain delai pour 
s’adapter aux technologies les plus sophistiquees de la recherche miniere. II leur faudra 
neanmoins les maitriser quand, a leur tour, ils auront besoin de se tourner vers des ressources 
plus difficiles a mettre a jour et a valoriser. 

La mise en valeur, en troisieme lieu, des ressources cachees des oceans se place a I’evidence 
en avant-garde du progres technologique. L’objectif essentiel est de rendre competitive avec 
les sources traditionnelles d’approvisionnement, I’exploitation de metaux parmi lesquels le 
manganese, le cuivre, le cobalt, le nickel, etc., qui sont contenus dans des couches de 
nodul estapissant les grands fonds oceaniques, et pour lesquels des chiffres impressionnants 
de reserves (plusieurs milliards de tonnes) ont ete avances. En I’etat actuel, la mise en ligne 
des precedes technologiques et des investissements requis ne pent etre le fait que des plus 
grandes Puissances industrielles. Neanmoins, la question se pose d’ores et deja de preserver 
les droits futurs de tons les pays sur ces ressources, mSme de ceux qui ne peuvent aujourd’hui 
pretendre apporter a cette entreprise une contribution technique ou financiere. La troisieme 
session de la conference sur le droit de la mer, qui vient de se reunir a Caracas de juin a 
aout 1974, s’est efforcee d’avancer des solutions juridiques a ce probleme. 


LES GOUTS 

J’en viens a present a revaluation des couts representes par la mise en oeuvre de nouvelles 
unites de production. Dans un rapport de decembre 1973 sur ITndustrie minerale, la Banque 
Internationale pour la Reconstruction et le Developpement indique le montant en 1971-1972 
des investissements miniers: 7 milliards de dollars par an pour I’ensemble des pays en 
economie liberale. Ce montant inclut, en sus de la recherche miniere, la creation de nou- 
velles mines ou I’extension de complexes deja existants, qui comprennent outre la mine et 
son infrastructure, les installations de traitement des minerals jusqu’au stade de la premiere 
fusion pour les metaux. D’apres ce meme rapport, plus de 70% de ces investissements 
auraient encore lieu actuellement dans les pays de developpement avance. La Banque 
estime en outre que le montant des investissements pourrait doubler d’ici le debut des 
annees 80, la part des installations realisees dans les pays en voie de developpement aug- 
mentant progressivement jusqu’a representer environ 40%. 

Ces chiffres nous incitent a quelques reflexions. En effet, le taux de croissance attendu 
pour les investissements dans la recherche, I’exploitation et le traitement des minerais 
devrait a peine couvrir I’augmentation de la demande en metaux et materiaux de base si 
cette augmentation se maintient au rythme suivi les quinze dernieres annees. Cette affirma- 
tion repose sur le fait que le cout unitaire de productionf (extraction et raffinage) tend a 
s’elever par suite de la difficulte croissante de decouvertes et d’acces des nouveaux gisements, 
de I’abaissement des teneurs d’ exploitation et de I’augmentation du prix de I’energie in- 

* Chiffre 1970. 

t Evaluation du montant de I’investissement par tonne annuelle produite (rapport BIRD fin 73, avant 
effets de I’augmentation du cout de I’energie): bauxite: 25$; alumine: 200 a 250$; cuivre electrolytique: 2500 
a 3500$; aluminium: 800 a 1200$; nickel (mine et fonderie): 8000 a 15 000$, suivant le type de minerai 
traite. 



36 


J. P. GAUTSCH 


corporee au traitement des mineral's. En outre, les investissements reclames par h 
production de nouvelles unites sont de plus en plus importants avec I’accroissem 
taille de ces dernieres; une liste recente de projets miniers parvenus a un stade a 
realisation dans differents pays developpes montrait que plus du quart de ce 
necessitait des investissements superieurs a 100 millions de dollars, cette fraction j 
tant ainsi a elle seule 70 % du total des sommes a investir. Pour certaines de ces 
unites, I’ampleur de I’investissement atteignait 400 millions de dollars,* ce qui n 
une somme considerable, meme pour des Compagnies minieres parmi les plus imp 

Face a cette augmentation de la taille des objectifs, les risques et les dilScultes i 
a I’aventure industrielle que constitue un projet mim'er vont agir comme un frein ] 
il n’est pas rare en effet que les depenses annuelles de la seule recherche miniere a 
ou depasseh+20 % du cash flow de I’entreprise, c’est-a-dire de sa force vive qui lui p 
parer aux amortissements des equipements deja operationnels, de renouveler sa s 
par des investissements productifs, de doter ses reserves financieres et d’assur 
actionnaires une remuneration de nature a lui conserver leur soutien. 

Dans son evolution actuelle, I’lndustrie miniere qui tirait traditionnellement 
sources de son propre autofinancement et des mouvements operes sur les marches ( 
taux, se voit contrainte chaque jour davantage a faire appel a des sources exteri 
financement: secteur bancaire et aide gouvemeraentale, qui interviendront courai 
hauteur de 50% — et parfois jusqu’a 80% — du raontant des projets. 

L’abaissement du taux de rentabilite des entreprises minieres s’est ajoute ces c 
annees aux facteurs qui tendaient deja a rendre plus difficiles les investissements 
secteur des matieres premieres, Une recente etude de Evan Just, eminent profe 
I’universite de Stanford, analyse la degradation, quant au taux de rentabilite di 
invcsti, de la position des mines de fer et des industries primaires des metaux non 
Aprcs avoir occupe une position enviee dans les debuts des annees soixante, ces ir 
sc situcraient desormais au bas de I’echelle (avec un taux de rentabilite moyen de I’l 
12%) si on les compare a quatorze branches d’activite raanufacturiere dont les 
profit sc rangcnt autour de 20%. II n’est pas sur que les hausses importantes intervi 
1973 sur les prix des matieres premieres, et qui etaient dues a des causes davantag 
qucs ct monctaires qu’cconomiques, invcrsent fondamentaleraent cette tendance. 

Taille grandissantc des investissements, capacite insuffisante d’autofinancement, 
mcnt du taux de rentabilite, autant de causes sur Icsquclles s’appuient les previsi 
pcssimistcs, qui prcdiscnt d’ici une vingtaine d’annees une capacite mondiale de prc 
des minerals ct metaux de base tres inferieure aux besoins des industries de transfer 
Des lors ces dernieres seraient acculccs a nc plus satisfairc la demande croissant 
population mondiale en forte augmentation, 

L’apparition d’une penurie gencraliscc — due non a des causes naturellcs, mai 
absence de saccssc dans la gestion des rcssourccs qui nous sont offertes — viendri 
rcnforccr Ic desordre qui tend a s’instaurcr dans les moyens d’echangc et de pr 
acccntucr I'instabilite des cours par des mesurcs non coordonnccs de stockag< 
substitution, ct transformcrait definitivement les matieres premieres cn armes de j 
politique. 

Perspective rcdoutabic a laqucllc nous nc saurions nous arreter dans cette cncei 

• Ortirc cie pr2r.;i:ur pour I'cquipe.Ticni d‘un giscmc.nt type ‘‘Porphyry’ copper” devant produir 
io".r.c~. de c«i'.rc rafTioc par an. 
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nombreuses solutions se presentent pour retablir les equilibres, solutions qu’il n’est pas de 
mon propos de developper ici, mais qui vont de I’intervention constructive et moderatrice 
des Puissances publiques aux transferts raisonnables et organises des Capitaux disponibles, 
du renforcement des accords bilatdraux a I’elaboration de nouveaux accords intemationaux 
par produit, et enfin a la mise en commun des moyens existants dans des pays de niveaux ou 
de systcmes economiqucs difTcrents. 

La se trouvcnt les voics d’un avcnir ou les matieres premieres resteraient ee qu’elles 
n’auraient jamais du cesser d’etre: un objet d’echange et d’activites pacifiques entre les 
hommes. 


SUMMARY 

From an international point of view, the exploitation and the renewal of raw materials 
seem to give rise to an antagonism between developing countries, in possession of the most 
resources and rich industrialized countries with few resources. The political oppositions 
must be overstepped to perceive the mutual dependence of these countries and reveal the 
necessity of a common action. 

The only way for the production to cover the rising demand of an increasing world 
population is to develop the world resources and consequently to increase investments. 
The development of the resources is necessary for the poor countries to acquire independ- 
ence and for the industrialized countries to preserve their autonomy. 

Thanks to their advanced tcchnologj', the great industrial nations must direct their efforts 
towards prospecting of difficult deposits, and deep-sea resources exploration and exploita- 
tion, while they have to respect the rights of the developing countries to their own resources. 
So, tlie industrialized countries must increase the investments in the developing countries, 
but also in their own territories. The importance of investments, the inadequacy of self- 
financing and the falling of the rentability rate oblige the mining industry to appeal to 
other financing means (state and banks). 

The elaboration of an international common policy about raw-materials supplies is 
indispensable to balance the exchange of raw materials. 
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An exploration geologist is responsive to the desire in all human beings to be optimistic 
concerning overall human development; this is especially true of his professional attitudes. 
This optimism is reinforced by the recent geologic advances. Looking only at the data for 
known available materials, regardless of the commodity, the present figures of demand or 
consumption or any other way of comparison are generally several times larger than the 
figures, let us say, several decades ago. Apparently the world-society is well on its way in 
establishing a stable growth in mineral commodities, with only small disturbances such as 
might be caused by human behaviour but which affect only to a small extent the actual 


advances in natural resource development. 

This optimistic view is disturbed, however, when the non-renewable nature of mineral 
resources is taken into account. Each used resource unit is completely or nearly completely 
exhausted — not taking recycling into consideration and the natural processes do not 
replace the consumed resource at anywhere near the rate of today’s exploitation. In this 
process we participate as experts concerned with only meeting the threat to mankind of a 
consumption famine. We are in general not at all involved with the problem of how to 
guarantee the supply of necessary natural commodities to the world for the long run. 
Today it seems apparent that most are concerned with the problems of price and technology 
aud not with thfanxiety concerning the I^ng-term avai labi^ny of worid resources. In a 
similar way, geologists Le extending their prospecting to the ocean floor, to remotely 
^ ^ J ihe bv-uroducts of minor metals occurring in presently 

mined ^ of the problems now associated with the possible future 

«Huneral deposits, not because of theF_^ 

or age of raw materials, but ^eca societies, except some of the most developed 

The present governing bodies mtto^^ production as much as possible of the known 
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associated with the magmatic rocks, but which are still deposited as the result of the mag- 
matic activity, exhibit just the overall enrichment in the area in which their deposits are 
sited. On the other hand, the guides mentioned above for individual deposits are also sig- 
nificant for the zones of ore deposition, and the facts relating to each characteristic are of 
the same value; however, on another scale, as has been indicated. 

With all those data on hand, it is actually possible to detect the deposits whether they are 
hidden, or covered up to a depth of several tenths of metres, and in exceptional cases up to 
a depth of several hundred metres. In the case of specific elements with special behaviour, 
various auxiliary techniques may be applied using those natural characteristics such as 
radioactive measurements, geophysical and physical measurements, studying the behaviour 
under difierent environments, etc., which all enable one to narrow the location of ore 
deposition. Many such techniques largely depend on the environmental conditions and are 
confined just to a certain element or elements under determined conditions. Others have a 
large range of application and may be used under various conditions. In any case, only a 
few prospecting techniques have large areas of application, among which may be classified 
mostly the “classical” methods of geological prospection. On the other side, specific tech- 
niques of study of physical environments relating to depositional processes, such as tem- 
perature, pressure measurements by inclusions, paragenetical associations, use of isotopes 
for age and depositional conditions, composition of ore fluids by chemical equilibria studies 
or by the composition of inclusions, microscopy with various techniques, etc., enable a 
better understanding of the conditions of formation and localization of the ore. The field 
of prospection in this respect becomes very wide, and consequently specialists of several 
fields are necessary to assure the correct results concerning the conditions of formation of 
a deposit. Present knowledge is still limited, as has been indicated by the recent discoveries 
of various types of deposits which were not recognized previously. Here may be mentioned 
stratiform deposits of tungsten and tungsten-antimony-mercury formations, rare metals- 
bearing metasomatites without any association with igneous activity, apogranites with the 
corresponding mineralizations, etc. 

In addition to such normal investigations where surveying techniques are more or less 
developed, detemunation of a mineralized zone potential is still a field where professional 
knowledge is far from complete, and many discoveries in the near past were more due to the 
prospecting luck than to the strategic and specific investigations. However, it should be 
admitted that several regions of outstanding potential have been revealed by the proper, 
well-measured prospecting techniques. Therefore, today interrelated achievements are 
typical of the domain of applied geology. Under certain circumstances it is feasible to fore- 
cast the possibility of a discovery or the potential of an area, whether dealing on the planet- 
ary scale or just treating a selected zone. Here, as is normally the case, a divergence of 
opinions still exists regarding the basic principles and rules to be followed, but some basic 
facts have been generally accepted. An element may occur only in well-defined geological 
environments resulting from the evolutionary process of an area, such as part of a geosyn- 
cline, the margin of a plate, or a rift zone. Although strong links exist between such parts 
of the earth evolved in a certain way and ore deposition, it is impossible to forecast whether 
the ore deposition really took place in such an area. The link among lithology, structure, 
igneous activity, and mineralization is one-sided, and if all basic conditions for its generation 
are not fulfilled, no ore deposition should be expected. If knowledge of this space element is 
supplemented by knowledge of the time of ore generation, then it can be specified what 
mineral resources may be expected in a given area and, by additional knowledge, also the 
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chances of a possible discovery. With additional knowledge, understanding can be de- 
veloped regarding the association of an clement with the source rock, whether of igneous or 
sedimentary origin or even in some cases of mctamorphic formation, which associations 
might be strong, weak, or missing; regional and local geochemical features; regional and/or 
local geophysical indications, etc. This additional knowledge naturally includes older accept- 
ed concepts such as regional and local zoning of ore deposits and zoning within deposits, 
tectonic deformation alTccting ore deposits, association with certain petrographic members 
of igneous sequences, dissemination into certain sedimentary rock, and physical charac- 
teristics of the host rock. Facts arc still being collected regarding hypotheses relating evolu- 
tionary' stages of the earth's crust with metallization; however, much progress has been 
made in better understanding why ore has been generated and deposited at certain places. 
This knowledge is still incomplete as might be exemplified by the discovery of coppers 
bearing carbonatites. On the other hand, if the concept of origin of the mineral deposits is 
disputed, it is difTicult to estimate the potential of an area. For example, the long-lasting 
dispute between plutonists and neptunists is still active without any withdrawal by cither 
side, and moreover, no efforts have been made to bring together the facts and obscrx’ations, 
which arc in any case the same, but can be interpreted differently. A typical example in 
this respect is strata-bound deposit, where on the same ground conclusions concerning 
origin arc completely opposite. Even more speculations are involved concerning the origin 
of the elements, as the conclusions arc mostly backed by trace-clement analyses of ore and 
ore minerals, isotopic composition, and the position of deposits. For example, mercury 
has been related by traces of platinoids in several deposits in the world to the generation of 
ultrabasic magmatic rocks and transformation from very young deposits to older forma- 
tions. However, other data support an origin connected with either acid or basic magmatic 
activity in deposits of vary'ing age. Such divergent concepts and facts indicate the actual 
state of knowledge of ore genesis which is used as the basis of appraising the mineral re- 
sources of some areas. 

The latest fashion in geology' is to ascribe to the various deposits a deep-seated source 
and associating tectonics and ore formation. The new theory of the sea floor spreading and 
plate tectonics, the geophysical data concerning regional and planetary' properties and 
composition of the various zones of the earth supports this picture, and as a result have 
assisted in building a more reliable and proper concept of the location of ore deposits, their 
size, and possible extentions. In the light of the new wave in general geochemical research 
developed in the last few y'ears, it might be expected that some answers to the basic questions 
of the ore formation would be clarified, and such knowledge used for the needs of prospect- 
ing. Even though the geochemical cycles of the elements during geological history are as yet 
not sufficiently applicable for immediate use in mineral sun'eying, they are of a great help 
in better understanding the habitat of elements. Therefore, it is not surprising that in some 
parts of the world speculative resources have been estimated. Several obstacles are still 
present concerning heuristics, its accuracy, and general application, as the main part of the 
data so far tends to be just locally successful without a general serviceableness, but the 
little stones of this mozaic are steadily building into a picture. 

We are aware that forecasting on the planetary scale and selection of the target areas 
is still in the beginning stage, although there are known cases where such studies have 
furnished outstanding results. The Witwatersrand ty'pe of mineralized conglomerate has 
been discovered on the Siberian Platform under thick tundra soil cover by the use of the 
computerized analysis of all known data and facts from both regions involved. Such results 
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may be achieved also with the help of dispersed individual discoveries, which may prove to 
fit a general model of the geological events, as for instance are ecliptic belts of “porphyry 
copper” deposits including the belt extending from the Balkans to Pakistan and perhaps 
further, the Caribbean belt from Cuba to Puerto Rico, and the Pacific belt from New Guinea 
to the Solomon Islands. The embryonic stage of the forecasting is completed as shown by 
these numerous examples. 

The near future development of the natural resources seems to be also insured by mining 
and technological advances enabling large and low-grade deposits to be economically 
mined. Such appropriate deposits should be searched for with the available prospection 
techniques to match the trend of growth in demand for rm'neral commodities, as has been 
attained in the past. Satellites may become very important in the future application to dis- 
covery of ore deposits, using techniques which have been waiting their application on the 
earth. 

The growing needs for raw materials pose the question how geologists are actually 
equipped to meet the challenge. The canciform spreading of data concerning applied 
geolog}', the different approaches to the same problem due to differing trends in geological 
education, and the variety of languages in which the treatises are written play a large part 
in lessening the possible future achievements. In the field of applied geology nearly 50,000 
articles are published yearly, and a geologist, dealing just with his specialized working field, 
has at his disposal at least several thousand papers every' year. Presuming that only half of 
the articles deal with new discoveries, then it is possible to imagine the troubles of the pro- 
fessional who would like to follow the selected geological events closely — ^not to mention 
the linguistic difficulties. Tlic language barrier is very obvious. Articles written in those 
languages have references mainly in the same language, and include in general only a fev/ 


from other languages, serving as decorauon, and sometimes include some translated articles 
generally selected haphazardly. Therefore, professional isolation, svhich is not typical for 
geology only, is a great handicap towards a wide and regular exchange of data and opinions. 
As certain types of deposits are located in the distinctive environments, and if these are 
sited in various linguistic areas, then duplicating prebnnnzry research, is repeated at errerj 
such location, and frequently duplicating research woric is also carriea out and piiohshed. 
The next hindrance is represented by the conceptual approacn to the proclem uncer in- 
vestigation. The different trends in geology ansrng out of vsnous apprcacnes oi %eKsiry'icaX 
education commonly result in the acceptance oi me nxeo caste frantev.-or.< for tite mterpre- 
tation of facts, but without distinct separation ct me ocservec ana measurec facts from tee 


interpreted and included data. Thus the “•.'.mncv.mg c; 
pretative data is very difficult and frequency impcssicie. A 
reported recently' when a tin deposit v,-ri:cn nan ceen iCn 
fissure filling was classified by anotner expert irons g__,; 



stratiform or stratabound type. The scientn-c 


plete and may provoke many misnncers^nings, 
correspond with the same original sense, me -ft.- 
shown by the massis'e sulfide deposits, wmtn cy m: 
distinguishable from manyo ther typ'ss gi dep-c-.- 
published results are lessened in such cases attn. 
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mineral resources, and on the other hand thwart the expected development. The present 
knowledge of the prospecting and mineralization process, although well advanced in the 
last years, is still insufficient for the general evaluation of the mineral resources in the 
potential zones of the earth’s crust and is limited to evaluations to depths less than 100 
metres. Reported speculative resources may be several times larger or smaller when calcu- 
lated by another expert who belongs to a different school or conception than the first. Only 
reserves, although quite widely treated and estimated in different parts of the world, repre- 
sent the least variable approximation of our knowledge. Therefore, the estimated potential 
of an ore-bearing zone, based on the observed facts, is more reliable than the estimate of 
speculative resources, although even the reserves may be expected to show significant 
variation. A mineralized planetary belt may be considered and evaluated by the mineralized 
zones building the belt, and using such an approach would lead to more reliable estimates 
of its potential. All extrapolations would be backed by certain facts gathered in the field or 
laboratory, which would be a firm basis for estimating the potential of the zone under 
consideration for either prospecting or evaluation, however, the prospecting techniques and 
actual knowledge are still inadequate for making reliable estimates of the mineral resources 
availability. The estimates which might be presented would give the conceptual approach 
to the problem involved, although made by the best objectivity and knowledge, shall be 
considered as reflection of the heuristics presently available. 

Today’s prospecting techniques applied to the search of mineral deposits are developed 
sufficiently to ensure in the near future a growth of mineral reserves to meet the increasing 
needs of humanity; however, the impact of the decreasing availability of the prospective 
mineralized land will soon introduce a reverse trend, as the speed of discovery in general is 
lessened, even though more effort is made every day in mineral exploration. We are con- 
fronted with a transitional period in respect to mineral resources availabifity, and for a 
short period the improved techniques in prospecting, technology, mining, etc., may still 
keep pace with the growing needs of the world. This is true especially if a better under- 
standing of all processes involved in mineral deposits formation is achieved in order to 
enable the development of exploration techniques that can successfully locate deeper ore 
deposits. Deposits extend up to 2 km in vertical direction, and in some cases even more, 
and if detection techniques would be able to penetrate, let us say, twice as deep as presently, 
then the mineral availability would be greatly increased. But with the techniques presently 
applied, using up-to-date knowledge, the exploration depth can be extended only as the 
exception and not as the rule. As no sudden change in prospecting science can be expected, 
the mineral resource availability, and corresponding search and detection will remain 
within the limits imposed by the exploration techm'ques. 

It is up to us to ensure improvement of the heuristic and prospecting, because with joint 
efforts many problems might be solved in reasonable time and within acceptable financial 
means. Otherwise, the depletion of presently economic resources of several commodities 
would soon bring the world societies to develop substitutes, or else they would be obliged 
to accept a huge increase of costs for their discovery and recovery. 
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Mineral resources occupy a leading position in the developments of any society. These 
provide raw materials for building, chemical, electrical, engineering, and heavy industries; 
inputs for modern agriculture like pesticides and fertilizers; metals, fuels for industrial pur- 
poses and transport; and minerals and raw materials for export. They also provide oppor- 
tunities for employment. Mineral resources, along with other natural resources like forests 
and agriculture, add in a great measure to the wealth of a nation. 

Efficient management and proper utilization of natural resources can transform a mainly 
agrarian economy into a highly industrialized, technologically advanced and economically 
independent entity. For example, Australia, Brazil, and Ireland were mainly agrarian 
economies a couple of decades ago, and belonged to the club of less-developed countries. 
But today these countries have well-developed mineral industries to boast of, and meet the 
social needs of their populations. A number of less-developed countries like India and 
newly emerged independent nations in Africa and Asia have had well-developed mineral 
industries in the historical past wliich is evident from the ancient mine workings and slag 
heaps found in many places. 

Prophets have signalled that world mineral supply is dwindling and the world population 
is increasing with the result that soon we will be running out of mineral resources with dire 
consequence for mankind. This concept has been based on the extensive consumption of 
minerals and mineral products in the well-developed countries. 

The purpose of this paper is to show that we are not running out of resources. We need 
to increase the pace of exploration and development activity in the less-developed countries 
in Asia, Africa, and South America by massive transfer of science and technologies by 
financing joint ventures. 


ROLE OF MINERALS 
U.S.A. and the Soviet Union 

To produce steel, which is considered a barometer of economic growth, and industrializa- 
tion of any country, iron ore, coal, and limestone are major raw materials. These raw 
materials exist within the confines of the U.S.A. and the Soviet Union. The position of 
economic eminence enjoyed by the U.S.A. and the Soviet Union reflects the efficient develop- 
ment of their mineral resources. 

For every ton of steel nearly 5 to 6 tons of 
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itself shows the magnitude of developments which may have taken place in the United 
States and the U.S.S.R. in the field of mineral development. 

For example, the U.S.A. in 1931 produced 26.36 million tons of steel and 400 million 
tons of coal. By 1937 the production of steel had been doubled. The steel production in 
1971 rose to 1 10.749 million tons. During the same year 535 million tons of coal was mined 
and 88.38 million tons of iron ore was produced. In 1931 the U.S.S.R. produced 5.62 
million tons of steel and by 1937 had tripled the steel capacity, i.e. 17.73 million tons. The 
production of steel in 1971 was 120.637 million tons. The coal production during the same 
year amounted to 591 million tons. The iron ore production in 1971 was 203 million tons. 


China 

Steel production in China rose from 1.215 million tons of steel in 1949 to 23 million tons 
of steel in 1972. To produce 23 million tons of steel nearly 50 million tons of iron ore was 
mined. Similarly, the coal production rose from 53 million tons in 1952 to 390 million tons 
in 1972. The production of copper, lead, zinc in 1953, respectively, amounted to 8000 tons, 
10,000 tons and 10,000 tons. But the production of these metals has stabilized at 100,000 
tons per year of each metal. China produced an insignificant quantity of aluminium in 
1949, but in 1972, 135,000 tons of aluminium was produced in that country. Eighty-five 
percent of world reserves of the ferroalloy metal tungsten are found in China. As a result 
of these developments China has come out of oblivion into a place of prominence. 


Japan 

Japan was initially importing technology from Europe and the U.S.A. In order to utifize 
one dollar of imported technology, she provided 8 dollars’ worth of national resources. 
Now a stage has come when they are exporting technologies to those countries. For example, 
the major improvement they have made is the consumption of coke in the steel making. 
The coke consumption in 1960 was 660 kg per ton and now it is 440 kg per ton, the lowest 
rate in the world. 

Japan today, which started initially with meagre resources, is challenging to outstrip the 
Soviet Union and the U.S.A. in the production of steel in the next few years. During the 
last 25 years by importing large quantities of iron ore and coal from various parts of the 
globe she has not only become a major steel producer but an economic power to reckon 
with. The installed capacity of steel in 1972 was 124 million tons per year, which is expected 
to rise to 148 million tons by 1975. She imported 1.2 milUon tons in 1950 and about 119 
million tons of iron ore in 1972. The steel production in 1972 was 103 million tons. This 
production is expected to rise between 145 and 155 meter tons/year {Mining Journal, June 
29, 1973; July 27, 1973). 


Australia 

Australia became a major producer and exporter of iron ore during the last decade 
(1960-70). The quantity of iron ore produced in Australia rose from 4.355 million tons in 
1960 to 11.53 million tons in 1966 and 61 million tons in 1971. Australia exported only 
116 tons of iron ore valued at SA1638 in 1960, whereas in 1967-8, 14.74 million tons of 
iron ore valued in excess of SAIOO million was exported. The exports in 1969-70 were 
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valued in excess of SA291 million. The national income from the mineral export in Australia 
in 1966 was $A387 millions. In 1971 it rose to SA1289 millions. 

The increase in national income from exports has been due to the partial lifting of embargo 
in December 1960 on the production and export of iron ore. The embargo had been placed 
in July 1938. At that time, it was considered that the reserves of high-grade iron ore were 
300 million tons and that the reserves would only be sufficient for another 100 years. The 
relaxation of control resulted in extensive exploration, which not only increased the iron-ore 
reserve position, but also helped to open up vast areas for exploration and development of 
deposits of other minerals. Many new mineral deposits were found. For example, explora- 
tion for nickel in Australia was started in 1964, and by 1972, 388 million tons of ore had 
been outlined in many parts of West Australian Gold Belts. Similarly, Greenvale lateritic 
nickel deposits were discovered in Queensland, Australia, and are expected to go into 
production in 1974. 

Furthermore, a number of coal and lignite deposits were discovered. The production of 
coal and lignite rose from 38.14 million tons in 1960 to 74 million tons in 1970 and 73 
million tons in 1971. 


Brazil 

Brazil, in 1961, produced 10.36 million tons of iron ore and exported 5.3 million tons, 
increased its production to 34.77 million tons and exported 28.2 million tons in 1971. 
Brazil expects to export 50 million tons of iron ore by 1975 and plans are under way to 
export 100 million tons of iron ore by the year 1985. Steel production in Brazil amounted 
to 6.5 million tons in 1972, with the developments in hand, it is expected to be doubled in 
1976 and further raised to 25 million tons by 1980. 


Canada 

The value of mineral production in Canada rose from SC1.045 billion in 1950 to SC4.93 
billion in 1960 and it reached $C6.38 billion in 1972. 

“A measure of the importance of mining to the Canadian economy may be found in the 
following figures: Over $1,150 million invested in mineral development in 1970; over 
$4,000 million worth of mineral products exported— almost a quarter of Canada’s export 
trade, more than 100,000 Canadians employed in the industry; about 300 mines operating. 
Cities such as Sudbury, Ont. and Trail, B.C., depend almost entirely on the mineral wealth 
in the surrounding area, while Toronto and Calgary are financial centres for the mining 
and oil industries and many people employed in these cities depend on mining for their 
Uvelihood.” (Canada 1972, p. 228-229.) 


Ireland 

Ireland opened her doors to foreign investments in I960 to explore and develop Its 
mineral wealth. As a result, Ireland started producing lead from 1964 (Table 4), zinc from 
1965 (Table 5), copper from 1966 (Table 3) on a sustained basis. Lead metal content of 
concentrates rose from 16,100 tons in 1964 t 
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metal content rose from 1300 tons in 1965 to 96,250 tons in 1970 (see Table 5). Metal con- 
tent of copper concentrates rose from 1139 tons in 1966 to 8229 tons in 1970, and 11,887 
tons in 1971 (see Table 3). On bringing the Navan Project into production in 1975, Ireland 
would become a leader in the production of lead and zinc concentrates in Western Europe, 
At that time the Irish production of lead and zinc concentrates respectively would be 130,000 
tons and 300,000 tons of metal equipment. 


Poland 

Copper ore production in 1960 in Poland was 2.196 million tons and it had reached a 
figure of 9 million tons in 1972. She is expected to produce 15 million tons of copper ore 
per year by 1975. The metal content of copper ore produced in 1960 was 10,700 tons and 
it rose to 102,000 tons in 1971 and in 1975 it is further expected to rise to 203,200 tons of 
copper metal per year. Similar developments have taken place in the Philippines where, in 
1953, 12,700 tons of copper metal in the form of concentrates was produced and by 1962 
it had risen to 54,700 tons. It has gone up to 226,312 tons in 1971. 


India 

We are endowed with resources of many minerals: for example, coal 85,000 million tons; 
iron ore 21,000 million tons; manganese ore 106 million tons; chromite 35 million tons; 
copper ore 300 million tons; lead and zinc ore 180 million tons; pyrite 430 million tons; 
bauxite 156 million tons; gypsum 1200 million tons; limestone 18,000 million tons, and 
magnesite 80 million tons. No doubt, as yet very large reserves of oil and a number of 
ferroalloy metals (barring nickel) have not yet been discovered in our country; but this 
does not mean that these will not be found. 

Unfortunately, in our country the mineral resources have not so far added to the national 
wealth to the extent possible, and commensurate with the investments made. The value of 
mineral commodities produced in India rose from §0.220 billion in 1960 to $0,628 billion 
in 1972. (Total value 1960-72 is $4,682 billion.) From 1960 to 1971 minerals and products, 
crude petroleum, metals and alloys valued at $4,655 billion were imported. During the 
same period the export earnings from the minerals, mineral products, metal and metal 
alloys amounted to $2.6272 biUion. To import copper, lead, zinc and nickel $1,049,416,866 
were spent from 1960 to 1972 (see Table 1). 

Some of the important minerals which are being produced in India are reviewed here: 

Coal. Imagine the staggering energy crisis facing us with the rising fuel prices and little 
comfort of hoping substantial production of oil in the next 5 years. Fifth Plan targets of 
coal production have been fixed at 143 million tons per year. Against a target of 100 million 
tons for the Fourth Plan, merely 80 million tons is estimated to be achieved. India in 1972 
produced only 74 million tons of coal and lignite. 

Steel. The modem history of steel making in India dates back to 1907. India in 1952 pro- 
duced 1.9 million tons. Our steel production increased from 1.9 million tons to 6.6 million 
tons in 20 years. At the end of the Fourth Plan we may produce 6.5 million tons as against 
a target of 11 million tons. 
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Table 1. Import of copper, lead, zinc and nickel into India from 1960 to 1972 

(in metric tonnes) 


Year 

Copper 

Lead 


Zinc 


Nickel 


Quant. 

Value 

Quant. 

Value 

Quant. 

Value 

Quant. 

Value 



Rs. 


Rs. 


Rs. 


Rs. 

1960 

70,912 

244,273,000 

25,011 

25,591,000 

68,260 

88,038,000 

1507 

11,934,000 

1961 

68,770 

220,104,000 

25,103 

23,061,000 

75,430 

85,017,000 

1789 

14,450,000 

1962 

74,273 

251,872,900 

35,516 

28,782,000 

79,557 

81,256,000 

1572 

11,982,000 

1963 

76,601 

208,567,000 

36,099 

30,173,000 

85,936 

94,749,000 

1859 

15,476,000 

1964 

69,999 

256,390,000 

34,332 

40,693,000 

67,179 

100,432,000 

2467 

18,884,000 

1965 

63,269 

357,601,000 

37,950 

63,156,000 

92,146 

145,356,000 

3225 

24,693,000 

1966 

27,498 

282,491,000 

38,092 

76,710,000 

97,925 

74,930,000 

1219 

12,222,000 

1967 

46,900 

447,142,000 

41,147 

72,439,000 

74,356 

159,624,000 

2639 

36,668,000 

1968 

36,429 

326,203,000 

35,221 

67,193,000 

106,663 

213,079,000 

2241 

44,442,000 

1969 

48,402 

449,088,000 

30,125 

62,995,000 

30,866 

65,064,000 

2483 

50,640,000 

1970 

50,970 

624,391,000 

37,820 

94,059,000 

71,110 

166,712,000 

3064 

103,024,000 

1971 

59,017 

599,593,000 

37,386 

82,029,000 

93,946 

222,122,000 

3558 

105,267,000 

1972 

54,274 

469,589,000 

39,830 

92,966,000 

80,713 

202,338,000 

2343 

61,287,000 


Rs. 4 

,757,301,000 

Rs. 

759,847,000 

Rs. 1, 

698,717,000 

Rs 

1 . 511,969,000 


$ 

634,306,800 

S 

101,312,933 

$ ; 

226,495,600 

$ 

68,252,533 


Table 2. Production and export of iron ore 
(in million metric tonnes) 

Year 

Australia 

Brazil 

India 

Liberia 

Mauritania 

1960 

4.355 

(5.28) 

16.609 (9.08) 

2.84 

— 

1961 

5.342 

10.39 

18.705 (9.94) 

3.25 

— 

1962 

4.843 

10.90 

19.674 (8.68) 

3.79 

— 

1963 

5.515 

13.39 

20.602 (9.37) 

7.54 

1.651 

1964 

5.669 

17.23 

21.388 (10.48) 

12.998 

5.08 

1965 

6.695 (0.1) 

21.08 (12.7) 

23.873 (11.26) 

15.959 

6.28 

1966* 

11.553(5.56) 

23.54 (13.12) 

26.733 (13.65) 

16.859 

7.15 

1967 

17.036 (N.A.) 

22.65 (14.50) 

25.555 (13.57) 

18.224 

7.45 

1968 

26.626 (16.66) 

24.58 (15.34) 

27.960 (15.63) 

19.571 

7.70 

1969 

39.406 (27.12) 

26.00 (22.04) 

29.566(15.11) 

21.03 

8.60 

1970 

51.200(41.65) 

28.00 (24.05) 

31.366(21.20) 

23.97 

9.22 

1971 

61.97 (45.E) 

34.77 (28.22) 

33.929 (19.35) 

21.55 

8.60 

1972 



35.194(22.10) 




* ; 1966-7 figures. 

E: Estimate. 

Export figures in bracket in the case of Australia, Brazil, India. 

Liberia and Mauritania export entire product. 

Source; Mineral year books, U.S. Bureau of Mines, 77/e Animal Mining General 1971-72, Mineral Statistics 
of India, Indian Bureau of Mines. 


Iron ore. The target for 1973-4 was set at 53.4 million tons, but only 40 million are antici- 
pated. At the end of the Third Plan only 24.5 million tons of iron ore were produced against 
a target of 30 million tons. Even the target of 12 million tons set for the Second Plan did 
not materialize, as only 10.5 million tons were produced. For the sake of comparison, the 
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figures of production and export of iron ore from Australia, Brazil, India, Liberia, and 
Mauritania are given in Table 2. 

Ferroalloy and rare earth metals. We, of course, as yet, do not produce any sizeable 
quantity of strategic ferroalloy metals like molybdenum, nickel, tungsten, and vanadium. 
The demand for nickel in 1973-4 is 3751 tons, which may rise to 11,457 tons by 1978-9. 
Many of these metals are equally important in the atomic-energy program. Molybdenum 
occurs in association with the uranium copper mineralization in the Singbhum Copper Belt, 
copper mineralization in Malanjkhand, and copper mineralization in Khetri Belt. Besides 
these, there are some showings of molybdenum in Rajasthan and Tamil Nadu. 

On the basis of Kansa East nickel-bearing limonite deposits, a plant to yield 4800 tons 
of nickel and 200 tons of cobalt per year is being set up by 1978-9 in Sukinda Orissa. Ore 
reserves of nickel-bearing limonite are estimated to be 15 million tons averaging 0.9-1 % 
nickel. The exploration of Kansa East deposit was started in 1962. Nickel and molybdenum 
are also associated with copper uranium minerahzation in the Singbhum. Tungsten is 
found in Degana, Rajasthan, and Agargaon in Maharashtra. Small quantities of tungsten 
are produced from the Degana Deposits, Rajasthan. 

Non-metallic minerals. Fertilizer, the key to “Green Revolution”, is produced from a 
number of non-metallic minerals like gypsum, phosphates, potash, etc. Their reserves are 
inadequately explored. The position is equally vulnerable involving not only huge amounts 
of foreign exchange for imports but their paucity imposes severe constraints on the develop- 
ment of a healthy economy. 

Till after the discovery of phosphorite deposits by Dr. Richard P. Sheldon of the United 
States Geological Survey in Dist. Barmer, Rajasthan and Mussorie, Dehradun, U.P,, were 
unknown in the country. His work gave impetus to the exploration of phosphates in India. 
As a result, phosphorite deposits in the Precambrian rocks were discovered in 1968 near 
Udaipur. The resources are estimated to be of the order of 70 to 100 milhon tons averaging 
8-33 % PaOg. The Rajasthan Government has been exploiting these deposits in a small way. 
A large-scale exploitation is under the consideration of the Government. Prior to the dis- 
covery of these deposits, apatite in Bihar and Andhra Pradesh were worked for internal 
consumption. Phosphate worth S15.5 million was imported into the country in 1971, 

Pyrite deposits. 390 million tons averaging 40% sulphur of pyrite resources occur in the 
Amjore-Ghoga deposits of Bihar, These deposits are under exploitation; 40,886 tons of 
pyrite were produced in 1972, which amounted to about 22% of the planned output. 
Besides Amjore, pyrite deposits are also found at Saladipura in Rajasthan. The resources 
are estimated to be about 40 million tons averaging about 20% sulphur. These are being 
considered for exploitation. 

Non-ferrous metals. Comparative position in regard to the production of copper, lead, 
and zinc from 1960 to 1972 is given in Tables 3, 4, and 5 (showing the position of India 
vis-d-vis Australia, Canada, China, Ireland, Poland, and the Philippines). 

To import copper, lead, and zinc, $981,164,333 was spent from 1960 to 1972 (copper 
$634,306,800; lead $101,312,933; zinc $226,495,600; concentrates from 1967 to 1972 
$19,049,000) (see Table 1). The cost of tin imports during 1971-2 was, respectively $10,5 
million (2902 tons) and $6.0 million (1872 tons). 
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The demand for copper, lead, and zinc in India for 1973-4 is respectively of the order of 
83,700 tons, 74,000 tons, and 131,000 tons, and in 1978-9 it is expected to be of the order 
of 104,120 tons (copper), 109,000 tons (lead), and 200,000 tons (zinc). 

Copper. The Indian Copper Corporation Complex at Ghatsilla (recently nationalized) 
and now named as Ghatsilla Copper Complex, Hindustan Copper Limited, is the only 
copper producer in the country. Since January 1972 it has an installed copper smelting 
capacity of 26,500 tons per year. With the commissioning of Khetri Smelter some time in 


Table 3. Copper content of mine production 
(in metric tonnes) 


Year 

Australia 

Canada 

China 

India* 

Ireland 

Poland 

Philippines 

1953 



8,000 











— 



1961 


398,332 


(9,336) 

— 

12,100 

51,900 

1962 

108,700 

414,931 

90,000 

(9,781) 

— 

13,700 

54,700 

1963 

114,800 

415,848 

90,000 

(8,582) 

— 

13,200 

63,700 

1964 

108,700 

441,706 

90,000 

(9,475) 

— 

14,500 

60,500 

1965 

91,800 

462,473 

90,000 

(9,360) 

— 

15,100 

62,700 

1966 

111,300 

461,709 

90,000 

(9,438) 

1,139 

16,000 

73,800 

1967 

91,800 

556,389 

80,000 

(8,904) 

3,840 

16,200 

85,800 

1968 

109,600 

574,532 

90,000 

(9,286) 

6,885 

26,500 

110,300 

1969 

124,000 

600,247 

100,000 

(9,751) 

6,400 

48,300 

131,400 

1970 

142,000 

606,790 

100,000 

(9,311) 

8,229 

83,000 

160,300 

1971 

173,200 

650,729 

100,000 

(9,554) 

11,887 

122,000 

188,500 

1972 

N.A. 

722,150 

N.A. 

(10,264) 

N.A. 

N.A. 

N.A. 


* Copper metal produced in India. 

Sources: U.N. Statistical year books, Mineral Statistics India, Indian Bureau of Mines; Annual Mining 
Journal, 1971, 1972. 


Table 4. Lead content of mine production 
(in metric tonnes) 


Year 

India* 

Canada 

China 

Ireland 

Poland 

1953 

629 


9,000 




3745 

186,562 


^BKiSiSH 


1961 

3664 

165,612 


300 


1962 

2894 

191,706 

90,000 

— 

37,900 

1963 

3587 

180,518 

100,000 

— 

38,700 

1964 

3624 

187,205 

100,000 

1,100 

38,300 

1965 

2905 

274,243 

100,000 

2,330 

46,000 

1966 

2479 

293,190 

100,000 

38,080 

51,200 

1967 

2473 

303,172 

90,000 

59,663 

55,200 

1968 

1647 

326,160 

100,000 

60,676 

59,500 

1969 

1958 

300,000 

100,000 

58,623 

64,300 

1970 

1961 

355,155 

100,000 

62,880 

61,200 

1971 

1539 

384,974 

100,000 

51,613 

69,500 

1972 

2740 

334,642 

N.A. 

50,800 

N.A. 


* Metal. 

Source: U.N. Statistical year books; Mineral Statistics India, Indian 
Bureau of Mines: Minerals year books; U.S. Bureau of Mines. 
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1974, the copper smelting capacity in India would be of the order of 57,500 tons per 
The indigenous production of copper metal over the 12 years has averaged about 
tons (see Table 3). The production in 1972 amounted to 10,264 tons. The installed cap 
of major end-users of copper metal is between 175,000 and 200,000 tons per year. 


Table 5. Zinc content mine production 
(in metric tonnes) 


Year 

India 

Canada 

China 

Ireland 

Poland 

Australia 

1953 

2400 

364,560 

28,000 

160 

161,600 

243,000 

1960 

5383* 

369,107 

100,000 

1,200 

144,100 

294,800 

1961 

5090 

401,971 

100,000 

200 

139,600 

292,800 

1962 

5410 

455,347 

100,000 

— 

145,100 

310,300 

1963 

5844 

451,032 

100,000 

— 

147,000 

321,300 

1964 

5909 

662,186 

100,000 

— 

150,700 

318,500 

1965 

5303 

826,381 

100,000 

1,300 

152,100 

326,400 

1966 

4895 

949,970 

100,000 

23,032 

150,300 

342,200 

1967 

5516 

1,133,054 

90,000 

36,058 

196,106 

374,300 

1968 

7662 

1,155,084 

100,000 

50,088 

202,500 

384,600 

1969 

4580 

1,194,234 

100,000 

97,536 

235,000 

460,500 

1970 

8738 

1,129,223 

100,000 

96,520 

241,000 

446,800 

1971 

8726 

1,127,260 

100,000 

87,477 

240,000 

417,000 

1972 

9380 

1,194,240 

N.A. 

N.A. 

N.A. 

471,700 


• Metal content of concentrates. 

Sources; Mineral Slatislics of India, Indian Bureau of Mines; U.N. Statistical year 
books; Canada’s Mineral Production Preliminary Estimate 1972; Minerals year 
books; U.S. Bureau of Mines. 


Lead. Production of lead metal in India in 1960 was 3745 tons. It has been rapidly drop 
over the years. In 1971 only 1539 tons of lead were produced. Badlalamottue Lead Co] 
Deposits arc a part of the Agnigundala belt in District Guntur, Andhra Pradesh. At pre 
these are the only deposits of lead in the country. A number of old workings, som 
which date back to the eighth to eleventh century A.D., and slag heaps bear witness 
flourishing lead mining and smelting industry in the area in the ancient past. 

The demand for lead would have to be met from importing either metal or concenti 
for many years. The import bill for lead from 1973 to 1979 is expected to be $262 mill 
Comparative position in regard to the production of lead of India m-d-v/i' Canada, Ch 
Ireland, and Poland is given in Table 4. 

Zinc. Zinc is produced from zinc and lead ores being mined from the Zawar Comple 
Mines in Rajasthan owned by Hindustan Zinc Ltd. (a public sector enterprise). The Za 
Mining Complex consists of Mochia, Balaria, Baroi, Zawarmala, and two unnamed ] 
pcrtics near Zawarmala. 


POTENTIAL AREAS 

Geologically, Peninsular India is much like the Canadian Shield or West Australia, 
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Brazilian plateau, the Siberian or the African tablelands, all of these are Precambrian in 
age. In fact, geological history tells us of the likelihood that India once formed a part of 
a great land mass embracing South America, Africa, Antarctica, India, Australia, known 
by the Indian name of Gondwanaland. Thus there is every possibility of finding ore 
deposits. 

For example, the geology of Kolar Gold Fields is very similar to that of the Kalgoorlie 
Gold Belt, West Australia, and Porcupine Gold District, Ontario, Canada. 

Large deposits of nickel have been found associated with the West Australian Gold Belts. 
Similarly copper deposits (Porcupine Mine) and coppcr-zinc-lead-silver deposits (Kidd 
Creek) and nickel deposits (Texamont) have been found in the vicinity of Porcupine Gold 
District in Canada. 

Nickel-copper mineralization has been reported to occur in the vicinity of Kolar Gold 
Fields in Soutli India. This reported occurrence opens up vast expanse of ground for the 
c.xploration and development of nickel-copper in the various South Indian Gold Belts. 
Besides these, cobalt, zinc, silver, and tin may also be found (Y oung Indian Independence 
Day, 1973 issue). Occurrence of nickel-copper silver mineralization in the vicinity of the 
Kolar Gold Fields had been anticipated by Author (Mineral Market, December 1964; 
Report on visit to Australia, June 1970, HCL report). 

Himalayas arc a virgin territory. Most of the “porphyry” copper and molybdenum 
deposits occur in the Rockies of the United States, and Canada, in the Andes of South 
America, and in Central America. Although in these cases there was collision between 
oceanic and continental plates, in the case of Himalayas apparently there was a collision 
between two continental plates. The remnants of the ancient sea floor that separated the 
two plates before collision should be interesting to look for. “Porphyry” copper deposits 
have been found in the Sinkiang Province of China, Saindak, Pakistan, and Monywa, 
Burma; there is every likelihood of these being found in the Indian Himalayas. Porphyry 
copper deposits are being exploited from the continuation of this mobile belt in Indonesia, 
Papua-New Guinea. Andeman Islands arc the missing link. Moreover, both extremities of 
this belt arc producers of tin tungsten and molybdenum (in short supply in our country). 
One can realize the importance of the geology of Andeman and Nicobar Islands, which has 
been neglected so far. We have a Malanjkhand porphyry copper deposit of Precambrian 
age in Madhya Pradesh (implying if one why not others), which was identified by the writer 
in 1970. This has opened up a vast expanse of Precambrian area in India for the exploration 
of porphyry copper mineralization. 

Porphyry copper mineralization of Precambrian age is being explored by the Bressard 
Mining Group of Montreal, Canada. This is a low-grade deposit (0,25% copper). But it is 
a resource for future development and use of mankind. 

Discovery of Precambrian phosphorites in Rajasthan, India, resulting in identification of 
phosphorites of Precambrian age in Brazil. Therefore, the study of Precambrian rocks of 
Canada, Australia, Africa, and the U.S.S.R. may result in additional discoveries of phos- 
phorites. 

Exploration of vast traces of Precambrian in India, Saudi Arabia, Africa (Egypt, Sudan, 
Ethiopia, Kenya, Tanzania, Mozambique, Lesotho, Botswana, Ivory Coast, Senegal, 
Liberia, etc.), and Brazil may lead to discovery of many new mineral deposits hitherto 
unknown. A better understanding of the Precambrian metallogenic processes and history 
of these areas coupled with increased pace of exploration and development activity is 
needed. 
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NEED TO INCREASE THE SPEED OF EXPLORATION AND 
DEVELOPMENT WORK 

During the sixties a number of very large open pit and underground metal mines in many 
parts of the world have been brought into full production even in inaccessible areas in a 
span of about 5 to 7 years from the date of discovery. Average lead time from discovery to 
production of metal is 5 years. For example: 

Indonesia. Ertsberg copper mine (2.7 million tons per year — 6 years). 

Ireland. Tynagah (2000 tons per day of lead-zino-copper — 5 years); Mogul mine (1750 
TPD of lead-zinc-silver — 5 years); Navan (7500 TPD of zinc-lead — 5 years). 

Western Australia. Kambalda (nickel — 2 years). 

Canada. Heath steel mine (1500 TPD of ore — 4 years); Madelline mine (2500 TPD of 
copper ore — 4i years); Mattagami mine (3500 TPD of zinc-copper-silver ore — 6 years); 
Whalcsback mine (1500 TPD of copper ore — 4 years, raised to 2000 TPD in the next 2 
years); Kidd Creek mine (9000 TPD of zinc-copper ore — 4 years); Thompson mine (5000 
TPD nickel-copper ore — 5 years); Ming mine (2 years); Gibraltar copper mine (36,000 
TPD — 4 years). 

Greenland. Marmorilik deposit (3000 TPD — 4 years); Liberia-Lamace iron ore (7 
million tons per j'car — 7 years). 

Peru. The government signed an agreement with the Southern Peru Corporation in 
December 1969 for the development of an open pit copper mine at Cuajone, construction 
of a mill, necessary transport, housing and other installation, to produce 140,000 tons of 
blister copper in years’ time. 


Tadle 6. Comparative statement of exploration work done at Khctri and Kolihan Mines (India), 

and Thompson Mine (Canada) 



Khctri Mine 

Kolihan Mine 

Thompson Mine 

Air magnetometer surveying 

Nil 

Nil 

128,747 line km 

Air electromagnetic sui^'cying 

Nil 

Nil 

112,654 line km 

Ground electromagnetic sur\'cying 

Nil 

Nil 

594,360 stations 

Ground magnetic sur\'cying 

Nil 

Nil 

540,000 stations 

Diamond drilling 




Surface 

30,603 meters 

10,560 meters® 

597,060 meters' 

Underground 

15,997 meters 

5,628 meters® 

162,154 meters 

.Nlinc development 


6,227 meters®'* 


Shafts 

800 meters 


1738 meters 

Rai'.es ■) 



10,363 meters 

D.'ifU and j- 

13,873 meters* 



Cro'.^ cuts I 



39,624 meters 

D-tilv production 

7000 TPD 

3000 TPD 

5000 TPD 

Proved re'vervec 

1,0 million tonnes 

0.5 million tonnes 

25 million tonnes 

D; •cover;.- hole 

1957 

1959 

1956 

Date of production 

7 

? 

1961 

Capual cxp-rnditu.’-c 

Rs. 1200 million 


Rs. 1050 million 


up to 1972-3 


up to 1961 


* 7i!! N'.'^'.rrr'Sjr 1970. 

’ IrJj fr; .•;!! lirrji of M.'n Jrj' v.or>.5. 

‘ tr;l.; tr; Ntc.'V. 

.V Mi-r dr-.c! i, -merit irt I970, I97I, i972 rcepcciivcly amounted to 2I76 M, 4260 M, and 3917 M. 
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Poland. Lubin (4.5 million tons of ore per year — 5 years); Polkowic (4.5 million tons of 
ore per year — 5 years); Rudna (9 million tons per year — 7 years). Lubin and Polkowic have 
already attained full production. Rudna is under development. 

Many of the projects which came into production in the early sixties are undergoing ex- 
pansions. For example, Thompson Nickel Operation, Canada, which was commissioned in 
1961 to yield 25,000 s. tons of nickel per year, reached a capacity of 85,000 s. tons per year 
in 1971. To do this the milling capacity was tripled, the smelter capacity was doubled, the 
refining capacity was increased and a number of new mines were prepared. All these stag- 
gering expansions were achieved in only a decade (1961-71). On the other hand, we take 
about 18-31 years to explore and reach optimum production. Table 6 gives a comparative 
statement of e.xploration work done at Khetri and Kolihan mines (India) and Thompson 
mine, Canada. It will be observed that at Khetri and Kolihan mines the quantity of work 
done over a period of 14 years is little in comparison to what was achieved in 5 years. 

Table 7 gives a comparison of the quantity of work done at La Argentier, Gortdrums, 
Bandlamottu, Nallakonda, and Ming deposits. La Argentier (France) and Gortdrums 
(Ireland) came into production in about 5 to 6 years, and Ming (Canada) in 2 years. Band- 
lamottu and Nallakonda have been under exploration for the past 20 years. 


Table 7. Comparative statement of exploration work done at 
La Argentier, Gortdrums, Bandlamottu, Nallakonda, and Ming Deposits 



I-a Argentier 
lead-7inc mine 
of De Pennaroya 
France 

Gortdrums 
copper-silver 
at Tipperary, 
Ireland 

Bandlamottu 

copper-lead 

project, 

India 

Nallakonda 

copper 

project, 

India 

Ming Mine 

Newfoundland, 

Canada 

Ore reserves in 
million tonnes 

7.5 

4.2 

11.5 

4.9 

0.928 

Diamond drilling 
in meters 

35,052 

12,129 

19,497 

14,965 

11,798 

Exploratory mine 
development in 
meters 



2,600 

750 


Geophysical sur\'cys 

Gravity 

15 so. miles 




Airbone EM,I.P. 

Geochemical surveys 14,000 samples 

Nil 

— 

— 

Soil samples at 15 

Depth of ore body 

145 to 305 

100 

245 to 457 

250 

&30 m intervals 
214 

in meters 


580 & 122 wide 1280 

2000 

182 

Daily production 

1850 tons 

1500 TPD 

? 

? 

600 

Grade 

Pb4% 

Cul.19% 

Pb6.16% 

Cu 1.487% 

Cu 2.67% 

Drill spacing in 
meters 

Zinc 0.75% 

Ag 2.5 oz/tonne 

30 

Ag 0.75 oz 
per ton 

30 

101 

101 

7 

Tonnes per meter 
drilled 

215 

347 

591 

328 

79 

Tonnes per 
intersection 

18,150 

42,000 

127,325 

68,186 

7356 

Period 

1958-64 

1962-7 

1950-73 

1950-73 

Sept. 1970-June 1971 


Mine in product 
in 1972 
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Ore production from the underground metal mines in countries such as Canada, U.S.A,, 
Australia, France, and Ireland in the last 20 years has gone up from about 6 tons to 10-12 
tons of ore per man shift (OMS) and even up to 40 tons per man shift. 

In India, ore production from the underground mines has remained 0.15 ton (Kolar) to 
0.8 ton per man shift over the same period. Similarly, the production from many open pit 
mines in a number of countries averages between 100 and 200 tons per man shift whereas the 
Indian average has not exceeded even 10 tons per man shift. 

It is necessary to increase the pace of exploration and development activity in the under- 
development countries so that deposits are explored and developed and brought into pro- 
duction quickly so that these countries are able to offset the import bills and meet the 
demands of their populations. 

For instance, India needs to produce about 143 million tons of coal by 1978-9. To pro- 
duce this coal the resources of coal have to be developed, for which 1,2 million metres of 
diamond drilling is necessary. If this drilling is to be effective, then all this should be com- 
pleted in 2 years, otherwise India will not only be short of coal in 1978-9, but will be 
terribly short of it in 1983-4. 

Canadian mining industry drills about a million meters per year in hard rocks, therefore, 
to drill 1.2 million meters in coal in about 2 years is not a big job. To achieve this the drilling 
speed has to be increased from about 700 meters per year to about 2000 to 3000 meters. 


FINANCIAL ARRANGEMENTS 

We in India have adopted a basically sound approach in deciding to proceed with the 
exploitation of the major minerals in the public sector. These ventures require very vast 
outlays of money (including foreign exchange) and raw materials. It is only sound thinb'ng 
that such enterprises should be developed on a national basis in consonance with the overall 
economic plan of development of the country. 

Exploitation of mineral resources provides revenue for the growth of any nation. Many 
governments, even in highly developed countries, to find funds for development, are veering 
around to the point of taking direct or indirect control of the mineral industry. Recent 
examples are the laws about to be enacted or which have been enacted by the provincial and 
federal governments in Canada, Australia, and Ireland. This trend is going to continue and 
increase in the years to come. Many more governments are going to follow this course. 

The public sector enterprises certainly can achieve their targets and also make an efficient 
showing of the economic picture. But for that they have to get out of the grip of bureau- 
cratic approach. All these enterprises need to be run on strictly controlled and efficient 
principles of good business and sound technological approach. 

Some of the most severe handicaps in the industrial enterprises in the public sector can 
be the lack of motivation and professional integrity and intellectual honesty of many in- 
dividuals in responsible positions. Each industry has its own special problems and only 
those who have been educated, trained, and experienced and have made substantial con- 
tributions in that special discipline should be at the helm of affairs. 

In any planned economy the targets to be achieved have to be realistic. The progress 
attained in the projects has to be commensurate with the targets. A plethora of inefficient 
incompetent operations has no place in this concept. 

The targets fixed can be achieved, no doubt, with extensive inputs of money, but no 
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amount of financial inputs can get us very far as long as the people who work towards those 
targets do not know their jobs. 

In order to elevate the economy, drastic measures need to be taken to achieve the targets. 
Many of the less-developed countries are endowed with adequate resources, which if 
developed could meet their modest needs. Exploration of the mineral wealth in these 
countries has only touched fringes so far and there are very good possibihties of discovering 
a great deal more of subterranean mineral wealth. To do this efficiently, there are some 
alternative suggestions ; 

(a) Bring consultants and experts under various programs. The experts and consultants 
come under various programs give useful advice in the early stages of their involve- 
ment, but later realize it is in their own interest to give the advice as required by 
the chents and not what is needed. Most of these consultants and experts are used 
by the individuals in authority for their own purposes and benefits. In my opinion 
this is not a very good solution. 

(b) To allow foreigners to invest in their mineral industry and bring know-how along 
with them. Some quarters may feel this is a step against the national interest. 

Such steps have been initiated by some of the developed and less-developed countries 
like China, Poland, and the Soviet Union. 

For example, China is negotiating with Japan and the U.K. for the establishment of 
steel plants and an imperial zinc smelter. She is also looking for assistance in offshore oil 
exploration. 

The copper industry in Poland is of recent origin. Copper ore production in Poland in 
1960 was 2.2 million tons. In 1972 it had reached 9 million tons, and by 1975 the produetion 
of copper ore is expected to be of the order of 15 million tons. 

Similarly, the Soviet Union for the past several years has been negotiating with the 
U.S.A., the U.K., France, Germany, and Japan for joint ventures to develop Orenburg 
nickel in Southern Urals, Udokan copper deposits northeast of Lake Baikal, natural 
gas in Siberia, fertihzer industry and steel industry, development of Chulman coal fields, 
and development of ports on the Pacific Coast in exchange for her raw materials. 

The Soviet Union has signed an agreement with Occidental Petroleum Corporation to 
develop a fertilizer complex at Kuibyshev, 500 miles south-east of Moscow. Occidental will 
provide large quantities of super phosphoric acid and with Bechtil Corporation build the 
complex. In exchange. Occidental will market abroad liquid ammonia, potash, and urea. 

Besides there have been negotiations between the Soviet Union and a number of American 
companies and Japanese interests to develop natural gas fields in Siberia. These multi- 
billion agreements provide for the sale of gas to Japan and the U.S.A. 

Various countries, regardless of the political complexion of their government, require 
capital, the latest technology, as well as technicians to develop certain projects. The less- 
developed countries in their self-interest should be looking for the technology of tomorrow 
and not yesterday, and should benefit from the experience gained by other countries. 

We may not be able to change the political systems of the governments themselves, but 
ways and means can be found to live and work under these systems. 

Developed countries have very sophisticated technologies which the less-developed 
countries need to adopt rapidly to develop their mineral resources to meet the needs and 
aspirations of their growing populations. These countries cannot afford to repeat in series 
the mistakes made in the process of developing highly sophisticated technologies. 

To get the latest technologies AID is not the answer. The less-developed countries should 
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learn to pay as they go along, and the developed countries should be willing to share the 
technological development by transferring the latest technologies and by paying higher 
prices for the raw materials. For the transfer of technologies the following modes are 
suggested : 


Production-sharing 

The foreign company, employing its own risk capital, equipment, and expertise, is granted 
an exclusive exploration permit to explore for ore within the confines of a predetermined 
area of nominal size. If marketable ore is found, a company-financed and sponsored 
feasibility study is presented to the government for consideration. If the government concurs 
with all exploration conducted, and with the findings of the study, the company loans 
adequate funds for development to the government against an eventual repayment with 
interest. 

The funds loaned include money spent for exploration plus that which is required for 
the development of the contained ore bodies; the mine and its facilities; and all necessary 
beneficiation processing smelting plants. The ore discovered and developed for mining is 
the property of the government. The company, however, has the first charge on the ore to 
amortize its exploration development construction costs. This is referred to as “cost ore”, 
and may in part be sold back to the government (for cash reimbursement) for domestic 
consumption or in part exported; or it may all go either to domestic consumption or all to 
exports, as the government prefers under the existing demand requirements. 

After this, the government assigns a predetermined reserve to itself (to be negotiated — 
but 50% or more by volume). The company may purchase the ore produced from the 
remainder at a negotiated price, that is, in effect about 50 % of profit calculated on a realized 
price. To the company, this would be “profit ore”, a portion of which may also be invested 
in additional exploratory efforts, with matching funds from the government, in new areas. 

The duration of a contract may be of any fair and equitable period of time, but 20-25 
years subsequent to the beginning of mining and processing would be desirable to the 
company and to the government specifically to build a self-perpetuating in-country ex- 
pertise. 


Service contract 

This approach begins generally as if it were a production-sharing contract in that the 
foreign company assumes the risk of exploration, feasibility study, and the cost of plant 
construction. However, at this point, it reverts solely to a “pay-back” arrangement to the 
company-cost plus a fair profit. It resembles the turnkey type of operation, except that the 
contractor normally remains active on the project for a sufficient number of years in a 
supervisory capacity to adequately work out teething troubles in the mine and plant(s) 
and to properly train local administrators and technicians in the operation and manage- 
ment of the mine and included plant(s); and to establish a workable spare (and replace- 
ment) parts supply network for normal-roster mine and plant equipment. 

The service contract is essentially a “get-in-and-get-out” agreement for a contractor. The 
profit that he would demand may be higher than that which could be negotiated through 
the production-sharing approach. However, it may be to the government’s advantage to 
be willing to pay more on the short run to gain an indigenous mineral production rapidly 
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and to thus quickly realize important savings in foreign exchange through import sub- 
stitutions. 

Australia, Brazil, Indonesia, and Ireland were closed-door societies to outsiders in 
mineral exploitation. In the sixties these countries opened their doors to outsiders for 
mineral exploration and development. As a result, spectacular developments have taken 
place in these countries. 
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DISCUSSION 


BROWN : Thank you very much, Dr. Sikka. I would now like to call for general discussion of the papers 
and discussion on investment requirement. Does anyone have a question or a comment? 

RUIZ: I’d like to make some comments on the last presented paper of Dr. Sikka. I agree completely 
with their conclusions. Our country is also an underdeveloped country that has very large copper reserves 
and resources that we need to develop as soon as possible to get our economy in a better way. For example, 
our actual production of copper is 900,000 tons of copper per year. To maintain the percentage of produc- 
tion in world production, we need at least to invest in the next 6 to 8 years something between 1500 million 
dollars to 2000 million dollars. So that’s impossible for us to get that large amount of money and we have 
just now at least three very large deposits in the medium stage of exploration that could increase our actual 
production of copper in some 300,000 tons per year. Our government right now is trying to get foreign 
investments for the developing of these known deposits. As I said before, besides those known deposits 
we have very good chance to find much more reserves of copper. There are two formulas under which the 
foreign investments can be achieved. One is a joint venture with the participation of the coimtiy in a deter- 
mined percentage of the capital, and in which the foreign company facilitates the financing and also tech- 
nology for the development, assuring in this way that the project would be on stream at a proper time. 
Under these programs, the foreign party has the obligation to train our own technical people so that in a 
short period of time they will be in a position to direct the operations. Actually we have trained people in 
copper mining and metallurgj', but right now they are engaged in the operations of the big nationalized 
mines. The other way to get foreign investments is through “Contracts of operation”. In that case the 
property of the mining concession remains in Chilean hands — either the government and/or private in- 
dividuals — and the foreign company brings all the capital needed and operates the mines. After a certain 
period of time — 10, 15 or 20 years — they leave all the installations to the government and/or private owners 
of the concessions; at the same time they have to train our people for the following up of the operations. 
The proceeds of the copper produced in the above-mentioned period are first assigned to repay the invest- 
ment and the cost of production and the profits are divided on an agreed percentage between the coimtry 
and the foreign company. 

So I agree with Dr. Sikka that for underdeveloped countries that are very rich in mineral wealth, I think 
those are the best ways to develop this wealth in time and in the proportion related with — in the case of 
my country — the copper resources of our land. Thank you. 

BROWN: Any other comments or questions? Might I ask Dr. Sikka. ... I was somewhat surprised 
when you stated in effect that the cost of the development of a new mine in a country such as India is not 
appreciably different from the cost of development in one of the more industrially developed countries. 
Is it true that the availability of large quantities of relatively inexpensive labour has no effect upon develop- 
ment costs? 

SIKKA: You see, we apply five people — you apply one. This is the amount. The only difference is, we 
will apply five or maybe ten people to do the same job which you do with one, so it comes to the same 
amount in the end. This is the only difference. I have not found ... we have made all the analyses and 
various projects and come up with the same figure. The only thing the number of people employed gets in- 
creased. Sometimes we don’t need all of them. In some steel plants we have 15,000 or 16,000 people sitting, 
doing a job when there’s really no job to do. But they’re there, because of practices. We can reduce, maybe 
we can even bring down the costs. But you add the cost per ton of labour and ours would be roughly the same. 

WALKER: In listening to the speakers a potential conflict comes to mind. Dr. Sikka just spoke about 
the need of some countries to develop resources quickly. Other speakers have talked about these resources 
as limited and the need for their conservative use and development. It seems to depend upon your particular 
situation whether you need to rapidly develop or conser\'e these resources. In countries where you must 
conserve resources, you’re concerned about resource depletion and adversely affecting the economy that 
you’ve already developed. In country’s where you need to develop resources, you are trying to expand a 
very limited economy. Because each countrie’s preoccupation is probably so strong with their own crisis 
problem — either that of developing or conserving — they are not likely going to be able to deal effectively 
with the problem of the opposite need. I think we will need to consider how to deal with this conflict. 

CLOUD : I’d simply like to respond to the last comment. I don’t see the conflict, although I think I see 
why you express this conclusion. When I talk about conservation, for instance, I am not talking about 
conservation in the sense of leaving the stuff in the ground and not taking any more out. I’m talking about 
reducing the levels of material consumption of already affluent peoples in society, about making more 
effective and conserving use of materials, and about reducing waste, and people of like mind would only 
applaud and like to assist the efforts of the poorer countries to discover and develop their resources in 
terms of improving the general level of living of the peoples of their societies. There is not a single answer 
for the world as a whole. More afBuent societies and those which have dipped deeply into their reserves of 
raw materials need more conserving practices, while countries that are in the process of trying to develop 
their economies need all the help they can get in doing so. 



62 


DISCUSSION 


WALKER: Ideally there is no conflict. Dr. Cloud’s view is a great goal, but I believe there will be great 
difiSculty in its implementation. If I might speak about this conflict in another way— a goal in the United 
States is to develop fuel resources very quickly. One way to accomplish this goal may be by strip-mining, 
which disrupts the soil surface and drainage streams and which creates a resource utilizing reclamation 
problem. 

McKELVEY ; I also interpreted what Mr. Walker said in the same way Dr. Cloud did and I’m not sure 
now that I understand what his concern is. There certainly is, of course, a conflict in the development of 
natural resources. Often the development of one does lead to the sacrifice — at least on a temporary basis — 
of another. That doesn’t necessarily need to be true over time — the multiple use of land in the sequential 
sense is possible, although not achievable perhaps in every case. With respect to the conflict in development 
vs. conservation as I first thought you were speaking about and Dr. Cloud did also, I simply wanted to 
stress too that in my own conclusion I referred to the need for developed countries to begin searching for 
ways to taper off their increase, their rate of increase in consumption of energy and raw materials and I 
wanted to stress too that I don’t put the developing countries in this second categoiy. For one thing, even 
though their rate of increase in consumption of energy and raw materials exceeds by far that of the de- 
veloped countries at the present time, their total consumption of raw materials and energy is still very small. 
They are not contributing to the problem in the way that the developed countries are presently. 

RUIZ: In relation with the comment of Dr. Walker, I think that some of the underdeveloped countries 
have unbalanced amounts of resources. For example, if it is true that my calculation that the total copper 
resources of Chile are in the range of 450 million tons, at the actual level of production of less than 1 million 
tons per year, we are going to have copper for 450 years. According to some figures, the copper resources 
of the world are going to be exhausted in some 50 years. So if we don’t rush our copper exploitation, we 
are going to have these resources underground without any use. 

CLOUD : I would simply like to make two brief notations. One is in reference to the response about 
trade-offs, the environmental impacts and so on. I’m sure we all agree that the time is more than overdue 
to think and speak of costs not as dollars alone but as total costs. We must consider all the trade-offs, in- 
cluding all aspects of the protection and restoration of the environment where mineral resource exploitation 
and exploration in any way defaces it. The other thing, just to amplify slightly my remarks about assisting 
the underdeveloped countries, is that I want to emphasize that one of the most important things the under- 
developed countries can do to help themselves is to get their rates of population growth under control so 
that gains made are not wiped out by additional mouths to feed and bodies to house and clothe. 
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Minerals have long been classified as “non-renewable” resources. This characterization is 
based on the idea that new mineral deposits are created through geologic processes so 
slowly that they have no perceptible impact on the mineral supply system. The term also 
implies that at some point the supply of minerals may cease. On the other hand, renewable 
resources include such resources as food products, which are renewed each year by the 
agricultural cycle, and water, which is renewed periodically by the evaporation-precipitation 
cycle. This characterization of minerals as “non-renewable” obscures the dynamics of the 
mineral supply system. The fact is our current stock of minerals must be continually re- 
newed. We only find a small amount of mineral reserves at a time, and as they continually 
are being used up, they must continually be renewed by efforts of both government and 
mining industry, by both scientific and technologic research and by both exploration and 
mine development. So mineral reserves, like food products, are renewable and it takes 
effort to renew them. 

Mineral reserves are renewed by discovery of new deposits and the development of new 
mineral technology for application on subeconomic deposits. Thus, man creates and drives 
his mineral supply system by (I) finding mineral deposits, (2) where they can be legally 
exploited, (3) with mining and processing technology, (4) at a profit, and (5) with socially 
and biologically tolerable damage to the environment. These five necessary conditions to 
mineral supply impose potential limitations to their availability. Hence, the factors limiting 
the future primary mineral supply system are: (1) geologic availability, (2) political avail- 
ability, (3) technologic availability, (4) economic availability, and (5) environmental 
availability. 

Geologic availability. The success of finding new mineral deposits depends ultimately 
on the geologic availability of deposits. There is a finite limit to mineral deposits of any 
given type and grade, and beyond that limit no further such deposits are available. However, 
the geologic availability of minerals is only poorly known with the present information. 
Clearly, their availability lies between the present mineral reserve estimates, which exclude 
the deposits yet to be found and the deposits that are presently subeconomic, on the one 
hand and the estimates of the total amount of minerals present in the earth’s crust which is 
dominantly made up of ordinary rock containing only tiny amounts of minerals on the 
other. This gap of uncertainty is too large for meaningful forecasting and planning. It is 



64 


R. P. SHELDON 


imperative that man invests the scientific effort required to appraise our resources more 
accurately in order to answer more satisfactorily the question of potential future supply. 
But in spite of the lack of accurate estimates, it can be said that probably the quantities of 
many minerals in both known and undiscovered deposits economic to develop with present 
technology are insufficient to last through the foreseeable future at the increasing rates of 
mining. 

Political availability. The political availability of mineral deposits is a factor that directly 
influences mineral supply. Legal exploration and exploitation of minerals depend on it and 
is a function of: 

1. National mining legislation relating to permission to explore. 

2. International regulations or lack of regulations in international areas such as the 
seabeds and Antarctica. 

3. Withdrawal of lands from mineral entry because of other land use such as cities, 
parks, wildlife, and mineral reserves. 

4. Splintering of land into small parcel ownership resulting in impracticality of putting 
together mining tracts. 

Technologic availability. The level of primary mineral supply is a function of the level 
of exploration and exploitation technology. The amount of minerals that can be found in 
the earth’s crust is smaller than the amount of minerals that occur in crust, and depends in 
part on the effectiveness of exploration technology, which includes the technology of geo- 
chemical and geophysical prospecting, the technology of geologic direct and remote sensing, 
and the technology of drilling and geologic interpretation. Likewise, the amount of minerals 
that can be recovered is smaller than the amount that occurs in the crust and depends on 
the effectiveness of exploitation technology, which includes the technology of mining, 
milling, refining, and transporting mineralized rock. 

Economic availability is a function of the profitability of mineral production, which is the 
value of the mineral product over the cost of finding, measuring, mining, milling, refining, 
and transporting the ore. Any deposit regardless how small, low grade, remote, deeply 
buried, or well hidden, could be found, and its minerals produced, if enough effort is ex- 
pended. But only that amount of effort commensurate with the value of the minerals pro- 
duced will be expended. This places a limit on the amount of minerals that will eventually 
be produced. Although many factors influence the costs of mineral exploration and pro- 
duction, the most important is the cost of energy. Mineral exploration and production is 
energy intensive, particularly as the potential mineral deposits become more remote, 
deeper, lower grade, and more tightly bound chemically to anions and complex anions, 
and as more reclamation of mined areas and control of pollution of mineral exploitation is 
required. The most energy sensitive of these factors is probably grade. Barring development 
of extremely cheap energy supplies, it appears that there are impassable lower economic 
limits to the availability of mineral deposits. If the current upward cost of energy continues, 
it is inevitable that some mineral deposits that are now marginally economic will become 
uneconomic and be removed from reserves. 

Another adverse factor of economic availability is the increasing alternate land values of 
mineralized land as land becomes more and more in demand. If the value of land used for 
recreational resorts, transportation corridors, cities and towns, and agriculture where 
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restoration after mining is not feasible, is larger than the value of minerals contained in 
the land, mineral development would be foreclosed, at least until the values reverse. 

Environmental availability. Local and regional environmental degradation are rising 
and possibly are approaching levels that in some cases are biologically intolerable. Only a 
part of this change is due to mineral exploitation, of course, but general restrictions on 
further pollution would affect the mineral industry along with other industries. Long-term 
environmental availability of mineral products is dependent on the following general 
conditions: 

1. The pollution levels of mining and mineral production are in long-term equilibrium 
with the natural environment, so that the biosphere continues to exist at acceptable 
levels. 

2. The sacrifice of land to mining is only at levels that do not destroy the long-term 
renewable natural resource supply necessary to man. 

3. The pollution and land-sacrifice levels above are aesthetically acceptable to the 
governing units involved. 

4. The value of the mineral production causing the pollution and land-sacrifice levels 
above is greater than the unrealized long-term values of non-mineral natural re- 
sources foregone. 

These five availability factors are not independent of each other. The predicted decrease 
in the geologic availabihty of minerals would strongly impact the other factors if mineral 
supply is kept constant or increased. It would require increased political availability with 
subsequent social disruptions. It would require increased technologic availability necessita- 
ting greater investments in R &D. It would decrease economic availability and thereby re- 
quire larger investment of human and capital resources, assuming energy costs remain 
constant or increase. And it would require an increase of environmental availability which 
implies a lowering of environmental safeguards. In like manner, changes of any of the 
other availability factors would set off waves of interference in the other factors. A corollary 
to this proposition is that any one of these availability factors may act as a limit to the 
world mineral supply system. 

The present status of knowledge of these factors makes an accurate assessment of the 
dynamics of the mineral supply system impossible. It is of first-order importance to improve 
this knowledge. It is imperative that a substantial program of scientific, technologic, legal, 
political, and economic research be addressed to these problems on a worldwide basis. It is 
also imperative to construct a computerized model of the world mineral supply system to 
investigate quantitatively the interaction of controlling factors. In the meantime, in the 
absence of dramatic breakthroughs in geologic, technologic, or economic availabihty 
barriers, the world supply of primary minerals should be carefully conserved. 

I would like to raise a question to discuss for the remaining time. I think it would be 
worthwhile for the conference if the feefing of the experts in this room were explored as to 
the future supply of minerals — cornucopia or collapse? or in between? 

I will start with my favorite hypothesis or scenario, which is as follows : 

1. To meet demand for minerals, we would have to find increasing amounts of deposits 
which themselves become ever harder to find. Even with maximum science and technology 
which I think unlikely to be achieved, this effort will fall short. 

2. To meet demand, we would have to produce our minerals from increasingly leaner 
and more remote deposits. Even with maximum technology, this effort will fall short. 



66 


R. P. SHELDON 


3. Mineral prices will rise and an increasing amount of society’s effort will go into 
mineral supply. 

4. The growth rate of mineral supply will level off or decrease, and in the long term 
supply itself will probably decrease. 

5. I think this process will begin slowly so that the start will not be really evident and 
the start will come earlier for some minerals than others. 

6. Therefore, the burgeoning demand of man for minerals to increase and more equit- 
ably distribute his level of living will not be met and social, political, and economic institu- 
tions will have to adjust accordingly. 
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R. P. SHELDON: The group discussed three aspects of resource availability and depletion. First, what 
is the potential of world mineral resources? And how well do we understand them? Second, what invest- 
ments must be made by mankind to win them from the crust of the earth? And third, what is the future 
prospect for the world mineral demand being met by primary supply? 

Taking these up in order. The world mineral supply is directly derived from the known reserves of min- 
erals, that is, those deposits identified and measured and economically profitable to mine. The reserve of 
most minerals will last only several decades, but this is no cause for alarm as mining companies usually 
only develop a reserve large enough to justify their investment, and they add to reserves only at about the 
rate that they mine. 

A part of potential reserves are the mineralized rock from which the known reserves are discovered. They 
are a different thing entirely. They are undiscovered, unmeasured, and unevaluated. Estimates of their size 
must be predicted by geologists using their scientific tools. Such estimates have been made, albeit crudely 
and with very little data, and these preliminary results are cause for alarm. In general these potential reserves 
are about equal to the known reserves, or are larger only by a factor of 2 or 3. It should be realized though 
that these potential reserves are conservatively estimated, and this estimate can be expected to increase 
with scientific advance and collection of more data. 

Also, it should be kept in mind that the other part of potential reserves includes rock that is presently 
uneconomic to mine, but can be mined in the future. So another way we can extend our primary supply is 
to learn how to economically extract minerals from those deposits that at the present time cannot be mined 
at a profit. This takes research and development in order to improve extractive and refining technology. 
The increased amount of minerals that this process will add has not been estimated at all. Its size depends 
on both the success of the R & D effort and the amount of subeconomic mineralized rock that exists as well 
as the price of minerals. Even though much of this R & D effort will be successful and even though much 
subeconomic mineralized rock exists, it seems likely that the increased mineral supply from this source is 
limited, at least for many minerals, for the following reasons. 

It appears that the tonnage of some and perhaps roost minerals does not increase as the grade of the ore 
decreases, as was thought in the past. In fact, the tonnage may decrease as was shown to be the case for the 
copper deposits of Chile, a major source of the world’s copper. Thus, subeconomic resources may not be 
much larger than the economic resources, contrary to the assumptions of some modem economic models, 
and this may place a limit on the supply of some primary minerals. 

How about improvements of technology? The exploitation of minerals is energy intensive. In fact, the 
availability of cheap energy was a major factor in the recent technologic advance. It has been shown that 
as the grade of deposits decreases, and their depth and remoteness increase, energy costs go up exponen- 
tially. This combined with escalating world energy prices also may place a limit on the future primary 
mineral supply. 

The second major subject of concern to the session was the investments required to bring resources into 
production. 

It was felt that investments were needed to help the functioning of world mineral trade. The developed 
countries of the world are using their own minerals at an increasing rate as well as importing increasing 
amounts of minerals from the developing countries. Also, mineral processing, which greatly enhances the 
value of minerals, generally is done in the developed countries. This is causing severe strains in international 
trade and relations. The question of whether it is equitable for the rich countries to use most of the world’s 
minerals at a cost of only the raw materials must be answered. Confrontation is to the advantage of neither 
side. Cooperation on an equitable basis is imperative. Thus an investment of statesmanship on the part of 
world leaders is vital. Improvements must be made in world financial institutions, international mineral 
treaties, international import and export regulations, and financial and development policies of both rich 
and poor countries if cooperative international mineral trade is to take the place of confrontation. 

Investments are needed to appraise the potential of world mineral supply. The countries of the world 
need to know what resources they have and how they might find and produce them. Important investments 
for these purposes include: 

1. An increased research and development effort in mineral science and technology as we have seen. 
It is particularly critical to ensure that this body of knowledge is transferred to the developing countries. 

2. A worldwide effort in mineral resource appraisal consisting of more geologic mapping and the building 
of a world mineral data bank. 

To accomplish this, the geologic and mining research institutions of the world governments need to be 
strengthened. 

Investments are needed to increase the mineral production capacity of the nations of the world if their 
mineral potential is to be realized. Important investments in this area include: 

1. The training of mineral scientists and engineers to meet the present world manpower shortages in 
these critical fields. 
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2. In the developing countries, investment in training managers of mining operations is especiaiiy 
needed to decrease the iag time between discovery of a mincrai deposit and its production. 

3. Finaiiy, the investment capitai required to increase the production capacity in ail parts of the worid 
is enormous. Where is this capital to come from? The mining companies of the rich nations are 
making low profits relative to other industries and are presently incapable of generating their own 
capital. In the poor countries, even government capital is insufficient. Despite the source of the capital, 
it must be found and invested if the world mincrai production capacity is to increase. 

The final topic discussed in our session was the prospect for world demand for minerals to be met in the 
future. It was generally concluded that at the present exponential increase of demand, there is no chance it 
will be met. Exponential growth cannot last in a finite world. 

This does not mean that growth of supply cannot occur, however. Man creates and drives his mineral 
supply system by (1) finding mineral deposits (2) where they can be legally exploited, (3) with available, 
mining and processing technology, (4) at a profit, and (5) with damage to the environment that is socially 
and biologically tolerable. There is little doubt that he will achieve additional success in this process, but 
at the same time these five necessary conditions to mincrai supply impose potential limitations to their 
availability. Hence the five factors limiting the future primary mineral supply system arc geologic, political, 
technologic, economic, and environmental. 

The present status of knowledge of these factors makes an accurate prediction of future mineral supply 
impossible. Therefore, it is of first-order importance to improve this knowledge. It is imperative that a 
substantial program of scientific, technologic, legal, political, and economic research be addressed to these 
problems on a worldwide basis. It is imperative to construct a computerized model of the world mineral 
supply system to investigate the interaction of controlling factors. 

In the absence of such a model, the following scenario, intuitively developed from existing trends, was 
suggested. 

To meet demand for minerals, man would have to find increasing amounts of deposits, which themselves 
become ever harder to find. Even with maximum science and technology, which seems unlikely to be achieved, 
this effort will fall short. 

To meet demand, we would have to produce our minerals from increasingly leaner, deeper, and more 
remote deposits. Even with maximum technology, this effort will fall short. 

Mineral prices will rise, and an increasing amount of society’s efforts will go into supplying its minerals. 
The growth rate of mineral supply will level off or decrease, and in the long term be reversed so that supply 
itself will probably decrease. 

This process probably will begin slowly so that the start will not be readily apparent, and the start will 
come earlier for some minerals than others. 

Therefore, burgeoning demand of man for minerals will not be met, his desires to raise his level of living 
and extend it to all men will not be satisfied, and social, political and economic institutions will have to 
adjust accordingly. 

Mr. Chairman, these were the general topics discussed in our session. 

BROWN: Thank you very much. I will now open the floor, not only for discussion of Dr. Sheldon’s 
paper directly and the questions he raises, but to the morning discussions as a whole. 

McLaren : I want to make four brief points which range over various papers. First of all a comment 
on Mr. Berce’s remarks about the availability of land surface for exploration. This is a major and important 
object of research. I would point out that geochemistry of water and remote sensing systems now being 
developed do in fact get around the difficulty. The technological research required in both systems are first 
priority in many countries, and should be. The second point is to discuss the debate raised by Cloud, 
Sheldon, McKelvey and others, which is of course the real debate about what we’re here for: shortage 
versus the cornucopias. There was an article recently in The Economist which suggested that mineral 
resources would endure for 100,000 years. On the other side, we must understand that the inexorable ad- 
vance of exponential growth cuts down our presently available resources to a relatively few years. The 
dangers are here and now. If we regulate our own usage, nevertheless the population of the world will 
increase. As it will double in 30 years or so, then growth in the use of minerals will continue, even if we 
limit usage to its present per capital. But in addition we must increase usage in the underdeveloped world, 
thereby inducing double exponential growth. 

The third point is on finance, which in the broadest sense means the resources available to carry out a 
job, not just money. Whatever monetary system one may adopt, the cost of energy required for mineral 
production will be the controlling factor. We are facing immediately financial outlays which are so staggering 
that one wonders if they can in fact support the production of energy which we shall require. In my own 
country, in Canada, for instance, it seems quite impossible that we can find the kind of money needed to 
build a pipeline from either Prudhoe Bay or the Mackenzie Delta or both and, from the Arctic Islands; 
that we can carry out the exploitation of the oil sands which cost more than 1 billion dollars for 100,000 
barrels of oil a day; and also carry out the enormously expensive exploration and exploitation of the off- 
shore oil in the Arctic and Labrador. So that it seems to me that the limitations on increasing production 
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Dans toule etude des ressources naturelles le sol a sa place, et une place importante. 

Soutien et facteur du d^veloppement de la vegetation et de nombreux micro-organismes, 
tant vegetaux qu’animaux, il est un facteur essentiel dans la production d’aliments et de 

biens tres divers, concemant Thabillement, la construction, les matieres plastiques, etc 

II intervient, de merae, indirectement, dans le maintien des caracteristiques fondamentales 
du climat, de I’atmosphere ainsi que dans I’extension des zones de sport, de recreation, de 
loisirs, dont la necessite apparait sans cesse davantage. II est indirectement Tun des cons- 
tituants permettant a Thomme d’utiliser une quantite illimitee, d’teergie solaire. II pent 
etre egalement un matcriau dpurateur vis a vis de divers types de polluants, ou etre utilise 
dans des processus de recyclage de differents materiaux. 

II est done essentiel de maintenir le sol dans un etat tel qu’il puisse remplir ces differentes 
fonctions. 

II pent en etre empechd, soit par suite de sa disparition par action de I’erosion ou par 
action directe de I’liomme; soit par suite d’une degradation de ses propri6tes, surtout 
physiques ou physico-chimiques, due a son utilisation, en particulier comme systfeme 
dpurateur ou complexe de recyclage; soit par suite de son recouvrement par apport ou 
deversement d’elements inertes. 

Le role du sol dans le processus de recyclage des ressources naturelles est done tres 
complexe et presente divers aspects que nous allons 6tudier. 


I. LE “RECYCLAGE” DU SOL LUI-MEME 

Certaines activites humaines ont pour consequence, directe ou indirecte, la disparition 
plus ou moins complete du sol. On pent tenter de la limiter, ou meme, le cas echeant, 
de renouveler completement le sol. 

(A) Trop souvent I’activite agricole de I’homme provoque une erosion plus ou moins 
profonde et generalisee du sol. II est fondamental de lutter contre. Les methodes a appliquer 
sont bien connues. Les unes, comme I’dtablissement de murettes, de petits barrages en 
pierres seches, ou la rectification des berges de cours d’eau peuvent necessiter Taction 
d’organismes de travaux publics; les autres, comme la culture en bandes altemees, la 
realisation de terrasses a large base, ou de haies vives, le reboisement, ou Tamelioration de 
Tetat physique du sol, etc. correspondent a des operations agricoles, le plussouvent de 
realisation courante. Nous n’insisterons pas, ici, sur ce 
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(B) Une autre s6rie d’activitds de rhomme peut faire disparaitre le sol: creusement de 
cairieres pour en retirer sables ou graviers calcaires, marnes, argiles ou terre i briques; 
extraction de charbons ou de minerals k del ouvert; ou, plus simplement, 6tablissement de 
routes principalement celles en d6blai ou remblai, d’afiroports, ou deversement d’el6ments 
plus ou moins terreux aux abords de constructions: usines, habitations, etc. 

Le fond des carrieres, les terrils ou crassiers d’exploitations minieres, les amas resultant 
des travaux de construction ou ddblais dus la realisation des travaux publics, peuvent 
donner, en un temps plus ou moins prolongd, de nouveaux sols susceptibles de porter une 
v^gdation herbacee ou arboree ou des cultures. Ce renouveliement sera plus ou moins lent 
et efficace suivant le type de roche mise a nu, les methodes utilisees, les precautions prises, 
mais aussi suivant les conditions dcologiques du lieu envisage, comme nous le verrons tout 
a I’heure. 


II. LE SOL, SUPPORT D’ELEMENTS A RECYCLER 

Le sol, en particulier grace a sa permeabilit6, aux proprietes de ses argiles et de sa matiere 
organique, ainsi qu’a I’activite microbienne qui s’y developpe, peut aider au recyclage de 
nombreux materiaux. 


A Elements liquides 

Les eaux residuaires de diverses industries, en particulier d’industries agricoles, telles 
que feculeries, sucreries, distilleries, usines de d6fibrage, etc., peuvent 6tre recyclees par 
epandage sur le sol. Leur effet sur ce dernier depend a la fois de la quantite d’eau devers^e 
par unite de surface de sol et des propri6tes physiques — permeability, porosite, etc. — de 
celui-ci, ainsi que des yiements en solution qui peuvent les modifier, mais, en meme temps, 
de la masse de produits solides en suspension ainsi deposes. 

Aussi ce probleme des eaux residuaires sera-t-il traits a la fois dans le cadre du recyclage 
des eaux dont il sera question tout k I’heure, et dans celui de I’etude du sol comme support 
d’elements a recycler. 


B Elements solides 

1. Parmi les elements solides qui peuvent etre recycles sur ou dans le sol, il en est qui 
appartiennent a V ecosysteme, naturel ou transform6 par Thomme, dont le sol est un des 
elements: feuilles, brindilles, branchages ou parties mortes du systeme racinaire. Soumis a 
I’activite des micro-organismes et de la faune du sol, ils se tranforment et 6voIuent; une 
partie des produits en resultant est evacuee dans I’atmosphere sous forme gazeuse, gaz 
carbonique surtout; une partie, constituee principalement par les elements mineraux, 
elements majeurs comme oligo-elements, liberes au cours de cette destruction des corps 
organiques, peut etre entrainye par I’eau qui percole ou rester dans les horizons supyrieurs; 
une autre encore, transformye en corps organiques plus stables, acides humiques plus ou 
moins polymerises, humine, reste dans le sol, devenant partie intygrante de Thumus de ce 
dernier. 

Il s’agit la d’un phynomene d’une tres grande importance que nous nYtudierons cependant 
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pas ici; nous I’avons aborde beaucoup plus en detail lots de la Conference de 1973, ^ la 
Source-Orleans. 

2. D’autres materiaux apportes dans, ou sur, le sol en majeure partie de nature organique, 
sont le r6sultat des activites industrielles ou urbaines. II s’agit des ordures menageres, plus 
ou moins triees — 11 millions de tonnes par an en France — et de certains elements, partielle- 
ment biodegradables, d’origine industrielle, qui peuvent participer a la constitution de 
gadoues plus ou moins transformees ou de composts. Certains ne sont que les produits 
solides deposes lors de i’epandage d’eaux residuaires. 

Ces elements, au moins pour la plupart, peuvent se transformer, se simplifier au contact 
du sol; les processus de fermentation sont d’une importance primordiale dans tous ces 
pbenomenes de recyclage. 

Un cas assez particulier de ces residus organiques est celui des lisiers accumules en 
grandes masses — pour 5000 bovins, 130 tonnes d’elements solides par jour — aux abords 
d’elevages industriels ou les animaux se comptent par milliers. 

Parmi tous ces residus de I’activite industrielle ou urbaine de I’homme une part souvent 
importante est constituee d’objets non biotransformables. Leur apport sur le sol risque 
d’empecher son utilisation ulterieure, et de degrader plus ou moins profondement Ten- 
vironnement, suivant le mode et I’importance de leur amoncellement. Leur debarras dans 
les carrieres, dans les creux d’extractions minieres a ciel ouvert permet de combler certains 
vides et de les faire servir de support a de nouveaux sols constitues artificiellement a leur 
surface. 

Tous ces problemes du recyclage des dechets solides et des boues d’eaux residuaires vont 
Stre traites par Monsieur le Professeur S. Henin, President de I’Academie d’ Agriculture. 


III. LE SOL, COMPLEXE EPURATEUR DE POLLUANTS TOXIQUES 

Dans Tagriculture modeme, des produits chimiques de diverses natures sont utilises 
comme pesticides ou herbicides. II en arrive une part souvent importante jusqu’au sol lui- 
mSme (elle peut atteindre 50% des produits appliques). II s’agit d’elements tombes directe- 
ment sur le sol; ou, au contraire de ceux qui, arretes d’abord par les parties aeriennes de 
la vegetation, y ont ete ensuite integres, par suite du pluvio-lessivage ou lors de la decom- 
position des residus vegetaux qui en proviennent. 

Le devenir de ces elements est extremement divers. II depend des conditions dcologiques 
du lieu — des pluies qui y tombent et de la temperature qui y regne— des proprietes du sol — 
en particulier de sa permeabilite, de sa teneur en argile et du type de celle-ci, de son pouvoir 
absorbant, de son activite microbienne; et surtout de la nature des constituants mineraux 
ou organiques du produit toxique utilise. 

Si le sol est suffisamment filtrant et le milieu percolatif, le produit peut etre entraine par 
les eaux de pluies, s’il est assez soluble, tel un pesticide comme le parathion, ou un herbicide 
tel I’atrazine; ils peuvent, d’ailleurs, ensuite contaminer la nappe phreatique, s’ils ne sout 
pas retenus ou decomposes au cours de leur trajet a travers le sol. D’autres sont facilement 
degrades par voie bacterienne; dans le cas d’autres encore, certaines molecules organiques 
ou certains ions mineraux, cations en particulier, peuvent etre absorbes par le sol, ce 
processus dependant a la fois de la nature meme de ces corps et des proprietes du complexe 
absorbant du sol, de son pH, etc. ^ 

Au total, certains de ces pesticides et herbicides, tels- 
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DDT, se maintiennent longtemps dans la plupart des sols; d’autres au contraire, tels les 
organophospliores sont beaucoup raoins persistants. 

Le probleme de revolution de ces corps dans le sol dans les differents miUeux ecologiques 
est d’autant plus important qu’ils peuvent avoir une influence parfois benefique, souvent 
nefaste, sur I’activite microbienne qui s’y d6veloppe. Des recherches approfondie sont 
encore indispensables pour conna'itre et comprendre tous les aspects et toutes les con- 
sequences de cette evolution. 

En resume, le sol reste une des ressources naturelles les plus importantes pour I’homme; 
son role dans le processus de recyclage est, a bien des points de vue, fondamental. U est 
aussi tres divers et ties complexe . . . et nous sommes loin encore d’en connaitre tous les 
aspects, tous les details. 


SUMMARY 

It was foreseen to study “the effects of recycling in Agriculture”. Such a subject is a too 
large one; it would need a total colloquium by itself. The communications and discussions 
have dealt with one natural resource; the soil. 

The soil is an essential natural resource, not only by itself and because it bears the 
vegetation through which we can utiUze solar energy, but also because it can be a means 
to recycle quite a number of wastes. 

Some of these wastes are brought to the soil as a solution or a suspension in water. The 
soil, then, plays as a filter or as a medium for bio- or photo-destruction of these materials. 
In such a case we have to prevent the soil being degraded through its physical properties 
or chemical or biological conditions. Other wastes are brought to the soil in a solid form 
(domestic dirt, filth). Such a problem has been presented by Professor S. Henin, chairman 
of the French Academy of Agricultme. A very interesting comment has also been made 
by Doctor Walker from Beltsville (U.S.A.) on the optimum agricultural use of these filth. 

A special problem is due to the use of herbicides and pesticides, which is strong and 
definitely necessary in a modem and effective agriculture. This problem has been presented 
by Doctor Viel from INRA (France) in the place of Doctor Greenland who unhappily was 
unable to attend the conference. A large part (perhaps up to 50 %) of these products returns 
to the soil, A number of them can there be biodegraded or are leached to the deep subsoil. 
Others can accumulate on the surface or in the ground water tables, and they can become 
noxious. In such a case they are not to be used. 

Another side of the problem is the recycling of the soil itself. This case may happen 
either after destruction of part of the soil or after taking the whole soil and the material 
underneath away; open air quarries, bottoms and heaps of mining debris, places along 
roads, buildings, strongly eroded areas, etc. 

Through natural effects, a new soil can develop in a few years to quite a number of cen- 
turies, depending upon the type of material and the local ecological conditions. Time may 
be greatly decreased through mechanical work of the soil, or by developing certain crops, 
grasses, bushes, and trees. The case of Al, Co, Cr, Fe, Ni, open air ore mining, as it so 
often happens in tropical countries, is one of the most difficult. 

As a conclusion we must remember that soil is an essential natural resource, necessary 
for the life of manhood and its quality. We need to prevent its degradation, its destmction 
and, as often as possible, we need to recycle it. We also have to get a better knowledge of 
newly usable soils and the covered areas; as well of their evolution and their characteristics. 
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SO as to make a better use of these, while preserving or even improving their level of fertihty 
and productivity. 




LA FORMATION DBS NOUVEAUX SOLS SUR LES 
FONDS ET DEBLAIS DE CARRIERES OU D’EXTRACTION 
MINIERE A CIEL OUVERT ET SUR LES DEBLAIS ET 
REMBLAIS DE TRAVAUX PUBLICS ET DE 
CONSTRUCTIONS 


G. Aubert 

Membre de VAcademie d' Agriculture 
Professeur de Pedologie de VORSTOM {France) 


I 

(A) Chaque annee des surfaces importautes de sols disparaissent, par suite du creusement 
de nouvelles carrieres et de zones d’ extraction a ciel ouvert de minerais, charbons ou autres, 
de la mise en place de terrils ou crassiers de mines, ou par suite du raclage des terres au 
long de routes, autoroutes, aeroports, ainsi que, sur les emplacements ou aux alentours de 
nouvelles constructions industrielles ou d’habitation. 

(B) Ce processus est d’autant plus dommageable que les superficies de sols ainsi enlev^es 
a leur role fondamental, sur lequel nous avons insiste au debut de ces debats, augmentent 
sans cesse, du fait de I’extension considerable des surfaces, precedemment a utilisation 
agricole, et maintenant urbanisees, industrialisees ou transformees par les grands travaux 
publics. Par ailleurs, par suite du developpement de la tendance actuelle a 1 utilisation de 
minerais a faible teneur, les volumes de materiaux extraits, souvent a profondeur assez 
limitee, sont de plus en plus importants et les surfaces de sols ainsi degradees aussi. Enfin, 
dans beaucoup de cas, comme par exemple en Nouvelle-Caledonie, dans 1 exploitation du 
nickel, les deblais accumules au flanc de montagnes ou de collines aux fortes pentes 
peuvent etre entraines par I’erosion et venir recouvrir d une couche peu fertile des sols de 
vallee souvent beaucoup plus productifs. Or, dans les conditions mondiales actuelles, il 
importe de ne pas laisser diminuer les sols utilises pour la production d aliments pour 
I’humanite ou le maintien des conditions de vie qui lui sont indispensables. 

(C) L’evolution de ces amas de materiaux, des roches mises a nu ou des sols profondement 

decapes se produit naturellement, mais le temps necessaire pour que soit de nouveau con- 
stitue un sol fertile est tres variable, souvent tres long. II ne faut que quelques annecs dans 
la region parisienne pour qu’un fond de carriere de terre a briques, limon plus ou moms 
sableux ou argileux suivant les cas, puisse porter des cultures; dans I’ouest de I’Algenc, 
sous un climat de type mediterranneen semi-aride, en quatrc ou cnn ans, un ■ 
calcaire tres friable, decape par la mise en place de - ion, 

naissance a un nouveau sol; par contre, dans 1 ouest df* 
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plus elevee, ce n’est qu’au bout de plus d’un siecle que les crassiers de schistes ardoisiers 
se recouvrent d’une vegetation arboree. 


n 

Pour qu’un sol puisse renaitre sur ces roches raises ainsi a jour par rhomme, il faut 
que puissent se realiser I’hydrolyse des mineraux qui permettra la formation d’^lements 
argileux essentiels pour le ddveloppement du sol, souvent la dissolution ou I’entrainement 
de certains elements, sels, constituants metalliques, calcaire, etc., et s’installer la vie micro- 
bienne, puis une vegetation, si reduite soit-elle, origine toutes deux de la matiere organique 
du sol. 

De tels pb6nomenes sont lents a se produire; il est done indispensable que soit assuree, 
pendant un certain temps, la stabilite du materiau. Aussi leur rdalisation depend-elle non 
seulement de la nature de celui-ci, mais aussi de sa position topographique ainsi que des 
conditions ecologiques du lieu. Pratiquement, ils ne peuvent intervenir, ou seulement sur 
des temps tres longs, en zone aride, en zone froide, en region de montagne aux fortes 
pentes ou sur des materiaux tres peu altdrables. 

Parmi les caraetdristiques du materiau a transformer, certaines, frequentes dans le cas 
etudie, peuvent etre particulierement defavorables. Sur le plan physique, il s’agit tres 
souvent d’elements rocheux, qui ne peuvent donner de sols et porter de vegetation qu’au 
fur et a mesure qu’ils se morcellent, se desagregent et se transforment en constituants assez 
fins. D6pourvus de mineraux argileux et de matiere organique, ils ne possedent en general 
aucune structure et ne peuvent retenir que de faibles quantites d’eau, propri6te essentielle 
pour le developpement des plantes. 

Sur le plan chimique, ces materiaux presentent souvent des desequilibres, comme le 
grand exces de magnesium et la grande pauvrete en calcium des deblais des mines de nickel, 
ou une grande richesse en un produit facilement toxique pour la vegetation: manganese, 
al uminium , nickel, cobalt, suivant le cas, au Gabon, en Nigeria, en Nouvelle-Caledonie, 
etc., ou en sels solubles comme sur les boues residuaires des mines, de sodium ou de potas- 
sium dans I’Est de la France, par exemple. Enfin, la vie microbienne, au depart, y est nulle 
ou tres faible et doit, peu a peu, s’y developper. 

On pent laisser le sol se refaire naturellement. Apres un certain temps de d6sagregation 
et d’alteration des materiaux, apres un entrainement suffisant par les pluies, des elements 
en exces, une pedogenese initiale, visible, s’installe. Mousses et lichens apparaissent, suivis 
d’herbes et d’elements semi-ligneux, enfin de jeunes arbres, variables suivant les r6gions. 

L’homme pent aussi accelerer le phenomene par des apports d’engrais, souvent difficiles 
d’ailleurs k adapter aux conditions locales, de matiere organique dont I’efficacite est generale- 
ment tr^s grande et par le travail du sol. Ce dernier permet une plus rapide decomposition 
du materiau, une meilleure penetration de I’activite biologique et une action plus profonde 
des agents atmosphdriques. Il est particulierement indispensable dans la recuperation des 
terres pollutes par les residus petroliers, comme en U.R.S.S., autour de Bakou, par exemple. 

Enfin, il est egalement possible d’organiser cette formation du sol en reservant la terre 
des horizons superficiels ou en en rapportant d’ailleurs, pour recouvrir les elements mis a 
nus ou les deblais; puis en cultivant, suivant les methodes les plus 61aborees, des herbes 
telles que graminees ou cyperacees, pour refaire la structure du sol, et des arbustes et arbres, 
tels que pins, robiniers, etc., pour permettre une plus profonde transformation et une 
stabilisation plus efficace du materiau, comme e’est actuellement en essai en Nouvelle 
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Caledonie, sur des deblais de mines de nickel, comme c’est realise aux Etats-Unis, en 
U.R.S.S. (mines de manganese) et dans beaucoup d’autres pays. 

Chaque cas doit etre etudie en fonction des conditions topographiques, petrographiques 
et ecologiques. Les methodes a appliquer doivent etre prevues avant que ne soit entreprise 
la destruction du sol actuel. 




LE POUVOIR EPURATEUR DES SOLS 


S. Henin 

Institut national de la Recherche agronomique. Station de Science du sol, 
Route de Saint-Cyr, 78000 Versailles, France 


Le sol cst utilise ii divcrses fins par ccux qui produiscnt des ddchets. 

Dans cct expose ncccssairement bref, je ne parlerai pas de I’utilisation du sol comme 
ddpotoir, c’cst-a-dirc du lieu ou vienncnt s’accumuler les carcasses de vieilles voitures ou 
les residus divers. Jc ne parlerai pas non plus des surfaces utilisees comme stockage pour 
les rdsidus urbains avec cssai de constitution de nouveaux sols, ce qui pose un probleme 
tres particulier. 

Le cas le plus frequent qu’on puisse evoquer est I’epandage des residus urbains plus ou 
moins prepares ou trids sur des terres agricoles. La mdthode est classique; les terrains 
maraichers qui entourent les grandes villes ont dtd enrichis de cette fa?on, et meme la 
grande culture pdri-urbaine a largement utilise ccs substances. En gdndral, les rdsultats ont 
dtd bdndfiques; il faut signaler, parmi les inconvdnients resultant de I’emploi des gadoues 
non tridcs, I’accumulation des fragments de verre ct I’dldvation du pH du sol. Toutefois, 
a ma connaissance, les accidents resultant de cette situation n’ont pas dtd frequents. 

Mais la nature des gadoues a dvolud considdrablement avec le remplacement du bois, 
puis du charbon, par d’autres combustibles, et I’utilisation de plus en plus systdmatique 
des plasliques, Les risques d’dldvation du pH qui dtaient lids aux cendres sont beaucoup 
moins importants; par contre, le salissement des terres par le plastique constitue un pro- 
bleme, Toutefois, les bonnes gadoues ont dtd ddbarrassdes par des tris prdalables de leurs 
dldments mdtalliques, du verre, et des plus gros fragments de matiere plastique. Actuelle- 
ment, les problemes qui peuvent encore se poser concernent non seulement les gadoues, 
mais les boues de stations d’dpuration qui renferment des oligo-eldments d’une part, et des 
pesticides, dont I’usage interdit en agriculture peut etre maintenu pour les habitations, sans 
compter les produits organiques ou mindraux divers qui peuvent etre plus ou moins to- 
xiques, A titre d’exemple, voici quelques teneurs de gadoues en oligo-didments. (Table 1). 

On constate que les gadoues ont des teneurs en dldments majeurs comparables a celles 
des fumiers. Ce fait justifie leur emploi comme engrais, Mais leur teneur en oligo-eldments 
est beaucoup plus dlevee, il faut done tenir compte de ce fait qui pourrait etre a I’origine 
d’accidents. A ces donnees, on devrait ajouter la teneur en elements toxiques, Pb, Hg, Cd, 
qui peuvent etre presents dans ces substances. 

Le probleme des produits organiques est malheureusement beaucoup moins connu; il 
va faire I’objet de recherches dans le cadre d’un appel d’offres lancd par les services de 
I’Enviroimement. 

Au fond, le probleme des gadoues peut se resoudre par trois techniques: la combustion. 
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Table 1. Composition compardc de quelques gadoues, 
des fumiers et des paillcs cn dldments majeurs et en 
oligo-didmcnts* 


Composition en didments majeurs 

P 2 O 5 

KjO 

CaO 

Compost d’hiver 

0,41 

0,48 

3,52 

Compost d’dtd 

0,61 

0,35 

3,22 

Fumiers bien ddcomposds 

0,30 

0,44 

2,15 

Fumiers peu ddcomposds 

0,19 

0,56 

1,32 

Faille 

0,12 

0,15 

— 


Moyennes 

Pour cent du total 


p.p.m. 

du total 


Fe 

Na 

Mg 

Mn 

Cu 

B 

Co 

Composts d’hiver 

1,44 

0,24 

0,27 

263 

326 

26 

4 

Composts d’dtd 

0,98 

0,25 

0,18 

205 

266 

17 

4 

Fumiers 

0,06 

0,08 

0,08 

74 

6 

6 

0,4 

Failles 

0,04 

0,01 

0,04 

18 

2 

2 

0,09 


le stockage en grandes quantites sur une petite surface et I’epandage. Jusqu’^ present le 
cotit de I’operation est tel qu’en ce qui conceme I’epandage il n’y a pas trop a craindre des 
accidents, sauf, encore une fois, ceux qui seraient lies a des produits tres toxiques, de nature 
minerale ou organique. Mais le cas le plus difficile concerne I’^pandage des boues plus ou 
moins concentrees provenant generalement d’industries agricoles. Une premiere difficult^ 
tient a leur concentration, extremement variable au cours de la saison de production. Une 
seconde est due a ce que ces eflfiuents, selon la nature des industries, peuvent etre produits 
soit pendant une partie de I’annee (cas des sucreries et des feculeries) soit en toute saison 
comme dans les laiteries. II faut ajouter a cette serie le cas des lisiers. Nous ne pouvons pas 
discuter ici du probleme du stockage plus ou moins prolonge de ces efifiuents, malgre les 
difficultes qu’ils soulevent: risque de pollution de fair (odeurs) ou des nappes (etancheite des 
bassins de stockage). 

Le pouvoir epurateur des sols est utilise depuis longtemps deja pour purifier les eaux 
d’egout des grandes villes. Les terrains d’Acheres, par exemple, servent depuis un siecle a 
cette fonction. Pour traiter ce probleme, j’utiliserai largement les informations presentees 
dans un numero recent des Annales Agronomiques.f 

Le pouvoir epurateur des sols est lie aux fonctions suivantes: 

1°) filtration des elements grossiers et coJloidaux (y compris les micro-organismes); 

2°) retention des cations et de certains anions. 

Ces proprietes sont Hees a la constitution du sol, mais elles peuvent etre modifiees par 
son fnnr-.tinTinp.mp.nt en tant que filtre. C’est ainsi que les elements mineraux fins peuvent 
colmater le terrain qui, de ce fait, perdra son pouvoir filtrant. Mais le sodium absorbe par 
la fraction colloidale pent egalement, en modifiant I’etat de floculation des colloides du sol, 
parfois jusqu’a la dispersion, rendre le milieu impermeable. 

Les colloides organiques peuvent aussi colmater le sol et lui faire perdre son pouvoir 


* Bulletin de I’Association Franpaise pour I’Efude du Sol n° 9, Septembre 1960. 
t Annales Agronomiques n® special “Pollution”, vol. 25, n° 2.3, 1974. 
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■filtrant, mais de ce point de vue il faut distinguer les produits fermentescibles et ceux qui 
le sont pen, Le cas des produits pcu ou pas fermentescibles se ramene au colmatage par des 
dlcraents mineraux fins. Nous verrons comment remedier a cet accident. Un fait doit §tre 
notd; ils sont trds indgalement fixds par le sol, si bicn qu’une partie pent etre directement 
cntramdc dans Ics nappes sous I’influence d’arrosages intenses et continus. Les dldments 
fermentescibles auront tendance a etre ddtruits par I’activitd microbienne du sol. Encore 
faut-il que les masses apportdes cn un temps donnd ne provoquent pas une modification de 
ratmospherc du sol qui rcnde les fermentations anadrobies. En effet, ces dernieres sont 
moins actives que les fermentations adrobies, mais leur inconvdnient le plus grave est qu’au 
lieu que la maticrc organique soit pratiquement mindralisde par les fermentations, il se 
produit, avant d’arriver i ce stadc ultime, dcs composds intermediaires, souvent acides et 
gdndralcracnt douds d’un pouvoir complexant. Tous les cations prdsentant plusieurs etats 
d’oxydatlon peuvent alors passer en solution, d’autant plus que, etant complexds, ils ne 
scront pas rdabsorbes par les colloldes du sol. Ils peuvent etre alors entrainds vers la nappe 
ou dans les eaux des canaux collectcurs. 

On pent dire que dans ces conditions rdductrices, il est extremement diflScile de prevoir 
le comportement dcs dldments, quelle que soit leur nature. Ainsi, lorsque, soit en raison 
d’apport d’un cxces d’dldments ou d’eau, se erdent dans un champ d’dpandage des conditions 
rdductrices, non sculement la vitesse d’infiltration diminue et peut meme s’annuler, mais 
par surcrolt le filtre n’arrcte plus les dldments. 

Le pouvoir dpurateur du sol peut se mesurer cn quantitd d’dldments susceptibles d’etre 
oxydds pour un rdgime d’alimentatlon hydrique donnd. Bien qu’en principe ce pouvoir 
dpurateur soit tres lid il la texture, il varie de 500 h 2000 kg de DCO Ha par jour. Rappelons 
que le DCO est la quantitd d’oxygcne ndeessaire pour oxyder la matiere organique con- 
tenue dans refllucnt. Cette fagon d’apprdcier la situation peut paraitre sommaire, mais 
comrac la nature des produits organiques renfcrmds dans les eaux usees est extremement 
variable, il vaut mieux prendre comme commune mesure la quantitd d’Oa ndeessaire a les 
oxyder. 

Il faut dgalement considdrer le rendement de I’opdration: a mesure qu’augmente la 
quantitd de matiere organique, le pourcentage ddtruit va en diminuant et les risques de 
pollution des nappes s’accroit. Il faut tenir compte de la quantitd d’eau apportde par 
I’efflucnt et de la permdabilitd du sol. Une dose relativement faible de matiere organique 
apportde dans un grand volume d’eau maintenant le sol au voisinage de la saturation sera 
moins bien dpurde que des quantitds plus importantes mais moins diludes. Par exemple, 
pour les effluents de fosses septiques renfermant une dose de 200 kg de DCO/jour/Ha et un 
dpandage presque continu, le rendement est de 75 %. Pour une conserverie de mais, avec 
une DCO de 1,8 g/1 et un dpandage de 360 kg/jour, la baisse de DCO a atteint 87%. 

Les sols colmatds par des dldments colloldaux peuvent etre recupdrds en enfouissant la 
couche superficielle par le travail du sol, en installant des cultures d’herbe sur le milieu 
et en amenant une dessication plus ou moins poussde du terrain. D’ailleurs, les effluents 
tres chargds en matiere solide fine sont souvent amends dans les champs dans des rigoles et, 
apres colmatage, un labour permet de mdlanger les sediments fins a la masse de terre. 

Une autre cause de colmatage est due au sodium. Les articles de Gras et Morizot, Graffin, 
Germond et Catroux dans des Annales Agronomiques, cites en reference insistent sur la 
teneur dlevde en Na des eaux d’dpandage. Cet element est utilise dans les adoucisseurs d’eau 
employes dans les industries. On sait que les risques d’accumulation de Na deviennent 
sdrieux quand le SAR 
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(sodium absorption ratio o r 

est supcrieur a 2. Or, au cours des enquetes, cette valeur etait tres souvent d 6 pas 
de beaucoup, dans Ics eaux d’epandage. La parade consiste a limiter leur concer 
des rccyclages dans les usines, mais aussi a utiliser les sols renfermant du CO 3 Q 
tenir une vegetation prairiale dont les racines ameliorent ou protegent la struct 
Nous avons vu que le sol pouvait egalement retem'r une partie des cations pr 
les caux, en particulier K. Cette fixation s’accompagne d’une perte de Ca + +. Pour 
trop abondants, le milieu finirait par etre sature et les elements ne seraient p] 
II est done essentiel que les terrains d’epandage soient cultives et qu’on y pj 
vegetaux ayant de tres grandes exigences en elements nutritifs. II y a d’ailleurs un 
a etablir entre les doses apportees par les eaux usees, la surface irrigable et les ex 
Voici de cc point de vue les besoins de quelques r^coltes: 


Culture 

Rendement T. Ha 

N 

PjO* 

K.O 

Fdtuque dievde 

104 cn vert 
(18,6 en mat, s5chc) 

536 

61 

679 

Bcttcrave i sucre 

45 

70 

24 

98 

Pommes de terre de 
fcculcric 

35 

82 

31 

188 


Ccs difTcrentes considerations laisscnt prevoir que m 6 me si les epandages ar 
rclativcmcnt limitcs, il peut y avoir cntraincment quand les apports instan 
surabondants. C’cst ainsi que G. Lefevre, ctudiant h I’aidc de lysim^trc les r^sultati 
d’eaux dc fcculcric, constate qu’en 1970-71, pour des apports de 39T/Ha de DC 
52 kg draincs, alors qu’en 1971-72, pour 23T/Hail y a cau 454 kgdrainds. La cat 
difference reside dans Ic fait que ics epandages dc 71-72 ont 6 te cffectufo sur 
humidcs oil I’cau apportec a done tendance a drainer, alors qu’en 70 le draii 
rclativcmcnt faiblc. 

On peut done dire en conclusion que le sol est un excellent systeme dpuratcur d 
qu’on n’en abuse pas, Ccla veut dire que Ics doses apportees doivent etre adt 
proprictes du sol, tant en cc qui conccrnc la vitesse d’infiltration quo son pouvoir 
pour Ics maticrcs organiques qui traduit la vitesse dc circulation des gaz dans le 
la porositc. C’cst-a-dirc que Ics induslricls doivent prevoir un r 6 scau dc disti 
la dimension du volume dc Icurs effluents, Ils pourront d’aillcurs reduire cel 
la rnesure oil, grace a dcs traitements prcalablcs tcls que les decantations, ils 
la charge dc Icurs cau.x. 

,Mai<; Ictat dcs terres et I’ciricacitfi du sol cn tant que filtre ncjoucront Icur picii 
s’ii poric unc vegetation capable d’utiliscr I’eau et surtout Ics Elements fcrtilisants 
De cc p lint dc vue, rapricultcur est largcmcnt bd-ndficiairc dcs d-pandages; non 
!c\ cultures dc la region d'Achercs cn sont un cxcmplc, mais rdeemment encor 
•cr\ait dc> augmentations dc rendement dc 50 et dc 100% sous rinfluencc dcs eg 

San-', souloir dire que ccs prohlcrnes soient compictcmcnt rcsolus, rcxpdricnc 
qu’on. pent, dans une large mesure, eviter Ics pollutions grace a un dpandage jiid 
!:; t-rr.ilm arri;*.)!.*'. dont la condition sc trnuvc atncliorcc, Cette circonstancc f 
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coQt de ces opdrations pcut se trouver sinon b6n6ficiaire, du moins largement amorti gr§ce 
aux bendfices que Ton peut en tirer. Bien sQr, les pollueurs, c’est-^-dire les villes et les 
industries, doivent supporter une part importante des charges qui decoulent de ces opera- 
tions. II n’est pas cxclus toutefois qu’apres une bonne concertation et des plans d’utilisation 
judicieusement amdnagds, Tagriculture ne puisse supporter aussi une partie du codt de 
ces opdrations, dtant donne le bdndfice qu’elle cn tire, 

S’il m’a paru utile de conclure sur ces aper?us dconomiques, c’est qu’il semble qu’actuelle- 
ment les partenaires se renvoient plus ou moins les responsabilitds, ce qui est certainement 
un obstacle a I’adoption de solutions qui devraient etre bdndfiques pour tous. 


SUMMARY 

Following an analysis of the factors determining the purifying capacity of soils, the 
author emphasizes the fact that this capacity varies according to the substances applied. 

He also stresses tlie fact that this capacity will not work nor have a lasting effect if the 
larger part of the elements put into the crop have not been absorbed by the harvest. 

When the residues contain toxic elements, they must be utilized on plants, non-edible 
for humans, such as trees, or destroyed by fire. 




DISCUSSION 


DYKE: I don’t want to tread on the toes of the experts but I have found in my own work that there is 
marked disagreement as to whether or not there is damage done to the soil as a result of applying sludges 
and introducing trace metals that are damaging in the long term. There are very indistinct, opposing views 
on this amongst the experts. Speaking as a layman, I would like — and Tm quite sure many of us who have 
been called upon to apply technology — this matter settled, if it is at all possible (and I very much doubt if 
it is because the experts are finding it very diflScult to agree amongst themselves here). In my own experience 
over 15 years I have yet to find a case of any damage to livestock. I’m not too familiar with the extended 
food chain and refer to damage to livestock as a result of the application of either sewage or farm sludges 
direct to the land — ^I’m not saying there hasn’t been the odd case of staggers and that sort of thing — but 
this could arise from any sources. It is not necessarily the metals content of farm sludges is excessive as a 
result of what we call the cubicle system of housing, giving rise to a greater accumulation of sludges. The 
factor in applying sludge to land from a technical point of view rests, I believe, in the method of application. 
My experience is that if you apply it by the spray or surface technique, then you’ve got to be reasonably 
careful of how you go about it. You can here get surface soil clogging and immediate contamination of the 
plant growth foliage. There is also the seasonal factor which is very difficult to accommodate. In the summer 
growing season, growing crops cannot be disturbed and in the winter you have a lower ambient average 
temperature inhibiting bacterial (aerobic) activity, high water content in the soil run off to steam and diffi- 
culties in that direction. Ideally, I think, the sludge should go under and I think if it goes under, say 8-9 
inches, you’ll get a satisfactory break up and the metals will not cause you a great deal of trouble. Again, 
you’re up against the problem: when do you get it to the land to get it under? In the summer you’ve got 
plant growth, in the winter you’ve got wet land. It’s all a question of how you plan your routine. 

JOY : We have been asked to do reclamation on about 450 acres of old colliery tips which also include 
some mining wastes. One of the experiments we hope to carry out based on the U.S. Bureau of Mines’ 
work is on the effect of putting compost and sewage sludge at different levels beneath the surface when 
spreading spoil heaps for reclamation. Particularly, the Bureau found that there was a large change in the 
amount of toxic ions transported to the plant roots which varied according to the level of the sludge. I 
would like to ask whether the U.S. Bureau of Mines’ representatives have any further knowledge other than 
that which has so far appeared in the literature. The most important point concerns the depth at which 
one places these sludges under the subsoil. 

ROSS: We have large quantities of pulverized fuel ash to dispose of, and I have been concerned with this. 
With the addition of only a few centimetres of soil, of sewage sludge, or of some waste from poultry houses, 
excellent crops can be grown, and animals have been successfully grazed on such fields. The biggest problem 
with new ash is boron, which takes 2 or 3 years to wash down below rooting level. In my own garden I had 
80 cubic metres of ash which set to a rock. To plant shrubs I chipped out holes about 1 metre in diameter 
and filled them with soil. All shrubs are growing well, but I hoped that weeds would not grow between them. 
Unfortunately the weeds grow very well also. 

HIGBIE: I’m with the Bureau of Mines and I think I should provide an answer to the question that Dr. 
Joy addressed to us. Unfortunately the answer is we have no further information to report at the moment 
otto than that which has been previously published. The research does take time and emphasis on it has 
been minimized at our Salt Lake City Metallurgy Research Center because of other higher priority in- 
vestigations — they are continuing to study the subject on a small scale. 
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As we meet to discuss water as part of a plan of action for manb'nd in a world of techno- 
logical change, increasing population, and water demand, let us keep in mind that the world 
water supply has essentially neither increased nor decreased since the earth atmosphere 
was formed millions of years ago. While water use continues to escalate in response to an 
expanding world population, wliich is expected to double in the next 35 years, the total 
amount of available water remains the same. 

The uneven distribution of water resources has long been a problem. Droughts experienced 
in this and recent decades have prompted increases in water recychng and brought about a 
more general awareness of the benefits of reuse. Some major cities in the world already 
withdraw river water that may contain as much as 50% sewage elOBuent. Numerous reports 
attest to successful spray irrigation of sewage eflauents that stimulate crop production, and 
land spreading techniques have been used successfully to dispose of wastes and, at the 
same time, to reclaim or upgrade poor and despoiled areas. 

Artificial recharge of aquifer systems for water-supply storage and as buffers against 
salt-water intrusion is becoming more common. Thus, it would seem that there is no 
longer the question of whether water should be recycled, but rather how, where, and when 
it should be done. 

During these meetings we have heard of impending shortages of energy and minerals 
that may tend to limit the advancement or development of mankind. Of all of these short- 
ages, none will be more important or more limiting than water. And, basically, we are 
limited economically to the fresh water that falls on the continents and returns overland 
and underground to the seas. 

For the United States, we can project water shortages in half of the country by the year 
2000, based on present usage and technology. Changes in usage and improvement in 
technology might lessen the projected shortages, but with the population increases there 
still will be shortages and probably a deteriorating quality of life. 

The deteriorating quality of life that the world faces is caused by far more than population 
pressure. It is caused also by increased per capita demand, faulty technology, and mis- 
management. With respect to water resources, one of the most common results of mis- 
management has been contamination. Water, whether in a river or underground, is sus- 
ceptible to contamination from both man and nature. As population increases, the suscep- 
tibility for contamination increases. As land becomes more densely populated, it becomes 
increasingly difficult to prevent contamination. Exclusive of man, the protection of water 
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is dependent on the interrelated factors of climate, vegetation, soil development, and 
geologic and topographic conditions. 

It is man’s activities, primarily, with which we are concerned here. How do water and 
agriculture fit into a world of development and recycling? Will people accept reclaimed 
water and, if so, with what limitations ? 

Water will be in greater demand. More will be required for irrigation agriculture, and 
consumptive use will increase. Return flows to rivers or to underground reservoirs will 
carry increased loads of fertilizers, insecticides, and herbicides. 

In the seventeen semi-arid western States of the United States, water withdrawn already 
is 90% of the dependable supply. About 20% of that withdrawn is lost to consumptive use. 
Water use is increasing about 3 % per year. With the advent of oil-shale development and 
surface mining and the water uses attendant to production and land reclamation, consump- 
tive use is scheduled to increase dramatically. As a possible trade-off in water use, agricul- 
ture may have to return from the semi-arid west to the humid southeastern United States 
in order to lessen the impact of consumptive use and increased salinity of western rivers. 

In our session on water and agriculture, we have heard of the experiences gained through 
studies and experiments. In Pennsylvania, U.S.A., animal wastes have been recycled on to 
the land to produce animal feed and trees. The farmed study area is in a temperate climate 
where annual precipitation is about 1000 mm, and they have successfully sprayed more 
than an additional 1000 mm of liquid wastes. Feed crops and trees have removed essentially 
all the nutrients, and the soil aided in the removal of bacteria and viruses. A monitoring 
system indicates that the water leaving the farmsite is of as good quality, including chemical, 
biological, and acsthctical characteristics, as the water in nearby streams. In other words, 
by recycling the wastes, the entire environmental setting has been enhanced, and fiscal 
profit has been earned by a savings in fertilizers used, and feed crops and trees produced. 

The recycling of municipal wastes can and will be beneficial not only to the world of 
agriculture where much can be used, but to the cities which will be aided in solving their 
problems of disposal, and to the downstream users of the streams who will not have to 
suffer the problems of heavily polluted rivers. 

Wc heard the results of several years’ experiments on the recycling of municipal sewage 
sludge in the outskirts of Washington, D.C. by the U.S. Department of Agriculture’s 
Research Service, Questions that they arc trying to answer include — whether the methods 
.arc economically and technically feasible; will the methods be politically and socially 
acceptable; what are the benefits and the hazards to soils and crops, animals and man? 

In a completely different environment, investigations of the hydrologic aspects of re- 
cycling water arc being made in permeable carbonate rock of relatively warm and humid 
Florida, U.S.A. The region experiences an annual cycle of drought and water surplus. 
Wish the increased demand for water for agriculture, industry, and public supply, each 
succeeding drought causes economic hardship, and it is estimated that in the next 10 years, 
Florida may be the greatest user of recycled water. The recycling methods so far used 
include spray irrigation of waste water on green bells and golf courses, storage of storm 
runoff underground in permeable saline aquifers, injection of cfllucnls from secondary or 
m-xlifed advanced waste-treatment plants into deep saline water aquifers, and the use of 
digr ’.rd sludge in the production of grass sods. 

.\ U.S. food procc'sor h.as deliberately located food processing plants in rural areas 
’..l-.ere tl’.ey lave utili/ed tb.e local environment to treat the waste waters of the processing 
fl.snf.. In one .tern, uatcr is 'pr.nycd on sandy soil, where the quality is improved by 
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filtration, and plant production, and at another by utilization of an overland-flow system, 
where the soil is too impervious to permit high infiltration rates. Both systems have been 
successful in removing more than 98 % of the BOD for a period of several years. 

Studies have been made of a region where more than 2,5 million persons depend entirely 
on ground water for supply and where, until recent years, the water was almost completely 
recycled through septic tanks and sewage-treatment plants back to the underground. This 
resulted in deterioration of ground-water quality, with a significant increase in nitrate and 
other dissolved solids. Because of the limited supply of water, waste-water reclamation 
and ground-water recharge experiments have been conducted to determine the technical 
limits. However, the data indicate that in the recycling of water, the increase of total dis- 
solved solids is inevitable. 

The city of Chicago, situated on the shores of the Great Lakes, has the problem of dis- 
posing of an ever-increasing volume of municipal wastes of several million persons. They 
have been recycling digested sewage sludge on farm lands and abandoned strip coal mines 
with good results. Data indicate, that among other advantages to the methods, viruses are 
not likely to survive the heated anaerobic digester environment and be transferred to the 
disposal site. The studies also indicate that the land has a limited capacity to accept digested 
sludge, and that if the limitations are exceeded, some of the more soluble heavy metal 
constituents may adversely affect the growth of crops or result in the accumulation of some 
chemical elements in crop tissue at concentration levels that might pose a threat to animal 
or human health. The use of sludge on abandoned strip mines has improved the agronomic 
properties of the soil and helped neutralize the acidity of the overland runoff from the naines. 

A study of a heavily industrialized valley in Korea has shown that the infiltration of in- 
dustrial wastes to the sands and gravels underlying the valley has permanently altered the 
chemical quality of the streamflow that drains the area. The low flow of the stream, derived 
from ground water, has a pH and dissolved solids significantly altered from that of nearby 
streams draining agricultural valleys. 

The data being accumulated in present and recent studies indicate that the recycling of 
wastes and wastewaters is technically and economically feasible within limitations. We 
are also re-learning what past civilizations have learned; that wastes can be recycled. 

The public must be educated to accept the concept of using reclaimed water and other 
reclaimed materials, A study of public attitudes* made in California indicated that more 
than 50% of the respondents to the survey recommended against using reclaimed water for 
purposes involving personal contact. The study also showed that most persons favored treat- 
ment and reuse of wastewaters but for purposes not involving significant personal contact. 
In conclusion, we have the following suggestions for your consideration: 


In Developed Countries, for Planning and Conservation 

The increasing rate of the total per capita water usage in developed countries is beginning 
to pose a serious threat to this limited resource. Developed countries should implement con- 
servation of this resource by more effective management and utilization of water for 
agriculture, industry, and recreation, because the direct consumptive needs of man are 
minimal and fixed. 

* Brovold, William H. and Ongerth, Henry J., Public use and evaluation of reclaimed water. J. AWWA, 
1972. 
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In Developing Countries, for Planning and Conservation 

Developing countries should incorporate in all their long-term planning a sound program 
of water management and conservation to ensure against diminishing or diminished supplies 
that would result from overuse, improper development, or contamination. 


Effects of Recycling 

The session on effects of recycling upon water and agriculture indicated that: 

1. Recycling, properly controlled, can aid in: 

(a) reducing the impact of wastes and waste disposal on the hydrologic environment; 

(b) having a positive benefit on agriculture and potential benefits to industrial and 
other uses; 

(c) improving effective use of water resources through improved water management. 

2. Recycling, where technically feasible, may be implemented by various methods, 
among which are: 

(a) land spreading of treated effluent, sludge, and animal wastes; 

(b) subsurface storage of effluents and storm runoff for treatment and reuse. 

3. Prior to implementation of recycling: 

(a) methods to be employed must be carefully assessed; 

(b) assessment must encompass broad aspects and details of the hydrologic setting; 

(c) consideration must be given to use of simulation and predictive techniques based 
on the current status of computer technology for modeling flow systems and 
chemical and biochemical reactions. 

4. Once implemented: 

(a) recycling must be adequately monitored and data continually evaluated in order 
to protect water resources; 

(b) care must be exercised in all types of recycling to ensure that contamination of 
water resources and the biologically active soil zone is kept to a minimum. 

5. Recycling, even under the most favorable conditions, can result in some degradation 
of the hydrologic environment. 

6. Emphasis needs to be continued upon improving the ability to quantitatively simulate 
and predict the impact of recycling. 

7. In general, adequate technology exists to permit improved management and use of 
water resources through controlled recycling without unduly harming the hydrologic 
environment. 



DISCUSSION 


KEILLING: C’est avec un vif intdret que j’ai dcoutd !es remarquables exposes de nos collegues nord- 
amdricains, au sujet dc la rardfaction dc nos ressources et des amdnagements qu’impose la situation prdsente. 
Cependant, je crois devoir ajouter k leurs propos une indication compldmentaire basde sur une situation 
quo les Europdcns ont connue depuis 1939 jusqu’au rdtablisscment des dchanges infernationaux (1946? par 
exemple) mais que le nouveau continent n’a jamais connue et, par consequent, jamais etudiee. 

Dans I’Europe en guerre, la pdnurie avait remplacd I’abondance pour deux raisons; Tune maritime: arret 
des importations par la voie des mers, I’autre “terrestre”: les milliers d’hommes arraches aux productions 
pour devenir destructeurs et consommateurs! 

A cette dpoque de pdnurie, il n’y avait plus guere de rdsidus non recycles et Ton peut dire que, a cet dgard 
tout au moins, certaines pollutions reculerent! 

Mais d’un autre point de vue. Ton vit apparaitre, ou rdapparaitre, pour satisfaire les besoins fondamentaux 
des nations, des operations de retour i des procedures disparues, qu’un rdcent progres technique avait 
climinees: le charbon de bois ou le bois alimentant les motcurs A explosion, le tracfeur hippomobile ressus- 
citait, les “ersatz” de tous genres dtaient remis en honneur: il y eut k cette dpoque, chez tons les belligerants 
europdens assaut d’ingeniositd imposde par le ddsir de survie des individus comme des nations. 

Au printemps 1945,'avant la fin des hostilitds en Allemagne, W. Churchill, s’interrogeant sur le destin 
du peuple vaincu, posait la question h ses services: “quel est exactement I'etat de leurs labours?" Voila le 
probleme essentiel qui domine toute notre reunion “quel est exactement I’dtat de uos labours?” entendons 
par Ih la capacitd productive de nos sols? 

Probleme essentiel et dternel ct cependant mal per?u par I’opinion publique, voire par les dirigeants 
politiqucs; certes il ressort des preoccupations a long terme et revolution des sols n’est pas spectaculaire; il 
n’cst pas, dans ce domaine, dc catastrophes dramatiques qui dbranlent brutalement I’humanite . . , mais ceci 
n’est pas une raison pour ecamoter le probleme! 

Quand on tente de survoler cc grave probleme, on est ramend k revolution du r61e de I’humus, matiere 
organique des sols, legs des vies antdrieures dont les ddchets recycles constituent la matiere premiere, et 
gage des vies futures dans la mesure oil la fertilite en ddpend. 

Quelques agronomcs, ct non pas tous, attribuent k I’humus un role fondamental dans la fertilitd et con- 
siderent que la fertilisation “mindralc” n’est durable et vdritablement eflBcace que dans la mesure oil I’on 
tient compte du role dc I’humus, support des fermentations des rdsidus organiques dans le sol et fournisseurs, 
par la m6me, de substances de croissance des vdgdtaux. Les engrais mindraux approvisionnent la croissance 
mais ne la commandent pas. 

Suivant ces considerations, I’on est amend h promouvoir partout dans le monde, mais d’une fafon adaptde 
aux climats, une politique de respect des rdsidus organiques k I’intention des fermentations microbiennes et 
des ddveloppements fongiques du sol. Je ne cesse de rdpdter: “le travail du sol est la principale, la plus 
Indispensable des industries de fermentations! C’est dgalement la principale des techniques d’epuration!” 




WATER IN A WORLD OF EXPANDING 
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Water is an essential ingredient of human activities and often is a significant constraint 
upon them. This is due in part to primary dependence upon that small fraction of the earth’s 
water, less than one-millionth of the total resource (Nace, 1967), which precipates as rain 
and returns via rivers to the sea. Throughout geologic time, this continuously cycling water 
has interacted with the atmosphere, the land and hving things. Because precipitation patterns 
are irregular and components of the atmosphere and earth materials vary markedly from 
place to place, the interactions yield a wide variety of effects upon quantity and quality of 
water. There always have been salty rivers, muddy rivers, rivers with relatively high tem- 
peratures, oxygen-depleted rivers, and a wide range of ground-water qualities which could 
not be attributed to the activities of man. Human impacts, whatever their dimensions, are 
superimposed upon, and frequently are made more troublesome by, these natural patterns. 
The troubles can be expected to increase as populations expand unless corrective action 
is taken. 


NATURE AND DIMENSION OF WATER USE 

Man has affected water resources primarily by imposing subcycles on the basic hydro- 
logic system. The significance of this imposition is apparent in water-use statistics of the 
United States of America (Murray and Reeves, 1970). When the Nation achieved inde- 
pendence, it was using about 3.8 milhon m® (one billion gallons) of fresh water per day, 
less than one-thousandth of its total average river discharge. In two centuries, this use has 
grown to 1.3 km® (350 billion gallons) per day — about 30% of the average river discharge. 
This is 75 % of the estimated dependable surface water supply for the Nation and the portion 
withdrawn in seventeen semi-arid western states is 90 % of the dependable supply. About 
20% of the water withdrawn is lost in consumptive uses. Water use is continuing to in- 
crease at about 3% per year and may reach 1.7 km® (450 billion gallons) per day by 1980. 

The use to which this water is put in the United States also has changed with time. In 
the beginning, it was diverted principally for domestic supplies. Now about 60% is used 
for industrial purposes, primarily for cooling steam-electric generators. This industrial 
water is recycled or reused an average of one-and-a-half times before it is returned to the 

* Publication authorked by the Director of the U.S. Geological Survey. 

t Senior Scientist, U.S. Geological Survey. 
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rivers with accumulated heat and waste products. About 3% of it is consumed in manu- 
factured products and evaporation losses. 

Irrigated agriculture accounts for 36% of the Nation’s present fresh-water use. About 
59 % of this is lost by evapotranspiration and seepage. The remainder returns to the source 
with an increased load of suspended and dissolved materials. This single use accounts for 
approximately 85 % of the total consumptive use of water in the United States. 

The qualititative significance of increasing water use is apparent in the fact that total 
withdrawal is the sum of a succession of downstream diversions (cumulative withdrawal). 
Each of these subcycles is hkely to increase consumptive loss and the load of waste pro- 
ducts returned to the river. A survey of the Delaware River Basin, located in the heavily 
urbanized northeast coast of the United States, showed that 254 industries of 10 different 
types sequentially were diverting water (Clarke, 1962). A similar study of the Verdigris 
River in the State of Kansas indicated a total withdrawal equal to 17 times the river’s low- 
flow discharge (Clarke, 1962). Considerable change in river quality is inevitable under 
such circumstances. 


WATER-RESOURCE TRENDS 

With increasing water use, one would expect to find evidence of general significant 
degradation of water resources. However, such changes are diflBcult to detect; first, because 
corrective actions, such as sewage treatment, mitigate local impacts and second, because 
we lack the water data needed to assess long-term trends. 

In a recent study (Steele and others, in press), the U.S. Geological Survey concluded that 
only 88 of its 5000 river testing stations scattered throughout 74 of 220 major drainage 
basins have accumulated appropriate data over sufficient periods to allow meaningful 
analysis of river-quaUty trends. At this relatively small number of sites, specific conductance, 
a measure of dissolved solids, was found to have increased significantly in 10 locations, 
decreased significantly at 5, and remained about the same at 73. Corresponding thermal 
data showed that average water temperatures decreased at 10 locations and increased at 3. 

A s imil ar report by the United States Council on Environmental Quality (1972) con- 
cluded that only 142 river-quality stations in the national network have records which 
meet that agency’s criteria for trend analysis; namely, quarterly sampling over 8 or more 
years for sediment, salinity, organic indicators (e.g. dissolved oxygen), and nutrients. 
Analysis of these 142 records showed increases in nutrient levels at 47 % of the sites and 
decreased dissolved oxygen at 20%. Dissolved oxygen increased at 17% of the stations. 
No other significant trends were noted. 


EVIDENCE OF SIGNIFICANT WATER IMPACTS 

Despite the limited number of long-term water-quality records, examples throughout 
the world show that human impact on water resources has been significant. A study of the 
Indus Plains in West Pakistan in the late 1950s and early 1960s (Revelle, 1964) concluded 
that from 20,000 to 40,000 hectares of irrigated land were being lost annually to water- 
logging and salination. Although this problem is being overcome, at least temporarily, by 
wells which recycle ground water to the land for simultaneous salt leaching and irrigation, 
the eventual effect of this process on water quality is still uncertain. 
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Long-term records compiled on the Colorado River Basin, a semi-arid region of western 
United States, show that average river salinity has doubled since irrigation started in the 
early 1900s (Irelan, 1971). Systematic control of the river’s flow, diversion to points outside 
the basin, and allocation of the waters to consumptive uses have essentially eliminated all 
discharge to the ocean. The Colorado River is thought by some to be already over-com- 
mitted in terms of average flow, and increasing salinity will require major corrective action. 

There also are well-documented examples of industrial effects upon surface waters. The 
Mahoning River, which flows from Ohio into Pennsylvania, United States, and services a 
significant percentage of the Nation’s steel production, has undergone measurable changes 
over the years. A U.S. Geological Survey study (Bednar and others, 1968) revealed maximum 
summer water temperatures of 26''C above the industrial complex and 42°C below it. At 
the downstream site, dissolved solids content was about 50% greater, total iron was 10 
times greater (20 mg/1), and the dissolved oxygen content was consistently below saturation, 
sometimes no more than 1 mg/1. Similar examples can be found in highly industrialized 
areas in other parts of the world. 

Numerous serious temporary effects of urban wastes appear in the records. During the 
mid-1940s, a 12-mile reach of the Delaware River was completely devoid of oxygen, a 
condition which has markedly improved because of sewage treatment. New York City in 
the same heavily populated coastal area now is spending $1 million per day in a $4 billion 
program to correct similar dissolved oxygen problems in its harbor areas. Counterparts 
of such urban impacts upon water quality occur on a global basis. 

The Great Lakes in north central United States provide an excellent example of steady 
increases in conservative solutes, such as sodium chloride, which are not easily mitigated. 
Except for Lake Superior, which is relatively free from large-seale urban and industrial 
development, solute concentrations have increased in all the lakes since the turn of the 
century. In 1962 they ranged from 23 to 28% higher than they were in the early 1900s 
(Pincus, 1962), and some now are approaching 40% (Beeton, 1969). These changes, despite 
rather uniform geology and differences in estimated ages of the lakes (2200-9600 years), 
would appear to rule out natural causes of the change. The fact that greatest increase has 
occurred in lakes with the highest ratios of coastal population to water volume would tend 
to confirm human impact on these great natural reservoirs which contain 14 times as 
much water as all the rivers of conterminous United States discharge in a year. 

Although we have depended primarily on surface waters, underground waters also show 
evidence of overuse and degradation. Troublesome land subsidences in Venice, Italy, 
numerous urbanized areas of Japan and irrigated farmlands of California, United States, 
are typical consequences of withdrawing water from certain aquifers more rapidly than it 
can be replenished. A 80 km^ area east of Tokyo, with a population of 2 million, already is 
more than 2 m below sea level and must be protected by dikes (Poland, 1972). In the San 
Joaquin Valley of California, United States, 13,470 km^ have subsided as much as 9 m 
(Poland, 1972). Salt-water intrusion of ground-water aquifers in many coastal areas show 
that such overdraft also can have very troublesome water-quality implications. 

Difficulties can arise even when the ground-water level is maintained by natural or arti- 
ficial recharge. The nitrate content of a principal fresh- water aquifer 130 m below the 
surface of New York’s Long Island locally is increasing at the rate of 3.5 mg/I per year 
and has reached a concentration of 50 mg/1 in some areas — 60 times the concentration of 
50 years ago (U.S. Geol. Survey Prof. Paper 800-B, 1972). Whether this example is typical 
or not, it indicates the potential of agricultural runoff and septic tank seepage for influencing 
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ground-water supply. The current trend toward surface and underground disposal of 
municipal and industrial wastes adds a new and potentially troublesome dimension to 
ground-water problems. In the United States alone, there are over 200 active industrial 
waste-disposal wells. 


IMPLICATIONS OF GROWTH 

Energy consumption is an indicator of resource development and related water demand. 
Use of energy in the United States has increased at least 100-fold since primitive times, 
primarily because of industrialization in the recent past. In 1973 it amounted to 75.6 
quadrillion Btu, the equivalent of 1 ton of coal for everyone on earth. If it continues to 
grow to 190 quadrillion Btu by the year 2000, as predicted, there undoubtedly will be an 
equivalent increase in water use. The impact on water will be even greater if the proportion 
of energy supplied as electrical current doubles and half the electrical energy is generated 
by conventional nuclear fission and breeder reactors, as expected. Each of 188 nuclear 
plants now in planning or development stages (U.S. Atomic Energy Commission, 1974) 
would require 42 m^ of water per second for once-through cooling. A recent study (McDon- 
nel Douglas, 1974) concluded that the water withdrawal needed to sustain the expected 
growth in the United States to the year 2000 may exceed dependable supply in more than 
half of the twenty-one hydrologic regions and that water consumption alone may exceed 
dependable supply in a quarter of them. Such shortages would be particularly troublesome 
because they will occur primarily in the semi-arid West which contains 85 % of the nation’s 
low-sulfur coal and virtually all of its vast oil shale deposits which are needed for clean 
energy production. A 7 million m^ per day coal gasification plant, with an energy output 
equal to that of a 1000-MW electrical generator, will require the same amount of cooling 
water as the generator and a 1 million barrel (158,990 cubic metres) per day oil shale 
converter will require up to 7.5 m^ per second — about 3 barrels of water for each barrel of 
oil produced. Because this geographic area contains most of the nation’s irrigated farmland 
and a high percentage of its most scenic recreational areas which depend heavily upon 
water, there will be difficult trade-os's. 

Increasing needs for food and other agricultural products obviously will have very im- 
portant water-resource implications. 'Whatever the increase in world populations between 
now and the end of the century, at least a proportional increase in food supply will be 
needed. Because one-third of the Earth’s land is semi-arid or desert, and climatic cycles 
cause periodic droughts in humid areas, increased food production probably will require 
increased irrigation. Also, there will be pressure to increase yield per acre through the use 
of synthetic fertilizers, pesticides, and farm machinery. This will increase energy demand 
and impacts on quantity and quality of water. Intensive agriculture in the United States 
has increased yields up to 50% per acre in two decades, but it is estimated that about 10 
calories of fuel energy are expended for every calorie of food energy put on the plate 
(Bryson, 1973). 


THOUGHTS FOR THE FUTURE 

One cannot consider the implications of a relatively finite water supply and rapidly in- 
creasing water demands without recognizing the need for improved management and sur- 
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veillance of water resources. Increased emphasis on efficient water use is an important part 
of this and, like pollution control, must receive more attention in the future. There still 
are ample opportunities for extending fresh water supplies through improved efficiency in 
irrigation practices, more conservative industrial processes, and use of saline waters and 
waste water wherever practicable. Pricing water supplies to reflect their true costs and dis- 
courage waste also has much to offer. Because water is recognized as a very real constraint 
on development of other resources, such as energy, the United States Department of the 
Interior has adopted a policy which will require planning for water-use efficiency in resource 
development which involves that agency. 

Beyond the need to conserve water resources and to extend them through technological 
innovations, there is urgent need for more meaningful water monitoring, A proper system 
should provide the minimum number of measurements needed to develop a reasonably 
reliable indication of the rate and direction of change in quantity and quality of the re- 
source. The United States Geological Survey proposes to do this with an accounting net- 
work of 540 test sites on the Nation’s 3.5 million miles of surface streams. Information 
collected in a hydrologic bench-mark program of fifty-seven small river basins relatively 
unaffected by man, and a series of modeling studies of rivers representing various natural 
and cultural environments will be used in part for interpreting the resulting data. 


INTERNATIONAL RESPONSIBILITY 

In a world which must share its resources, water problems — ^wherever they occur — 
eventually will affect all of us. Thus, all should share the burden of assessing trends in water 
resources and mitigating those which are undesirable. Effective monitoring and improved 
water-use efficiency can best be achieved by aggregating the wisdom of the international 
community. The forum assembled here recognizes this need. Hopefully, its deliberations 
will prove to be an effective beginning of the task which lies ahead. 
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2. Communications 


THE ENVIRONMENTAL AND SOCIOLOGICAL 
IMPACT OF RECYCLING OF AGRICULTURAL 
WASTE BY LAND USE 

Benjamin J. Reynolds 

Green Valley Farms, Avondale, Pa. 19311, U.S.A. 


INTRODUCTION 

New ways of disposing of animal and human effluent are now being demanded in the 
United States because of the overloading of streams, lakes and rivers, and even our oceans, 
with pollutants. The nitrogen, phosphorous, and organic matter that now pollute our 
bodies of water are really resources out of place. Green Valley Farms has taken the concept 
of recycling, refining, and utilizing these resources in a beneficial manner to grow crops, 
instead of allowing these resources to reach either the surface or ground water. If these 
nutrients are allowed to reach either the surface or ground water, they are then classified 
as pollutants and are lost to mankind’s benefit. 

At the Colloquium on Primary Materials Supply and Recycling held at Orleans-la- 
Source, France, September 27-29, 1973, part of the general conclusion states: “At one 
extreme, in the rich countries, solid wastes amount to an average of 20 tons per person 
each year. This includes about 10 tons of agricultural waste, 8 tons of mineral wastes and 
more than 2 tons of urban refuse (municipal, commercial, domestic).” Of the waste pro- 
duced per person in the highly industrialized nations, 50% is agriculturally derived. This 
factor points out the great need for the recycling of agricultural waste to maintain a clean 
environment and an adequate and nutritious supply of food for the world population. 
Green Valley Farms has undertaken a research and development program to recycle 
cattle wastes back to the land in order to enhance the environment and to help provide a 
better and more nutritious food supply for our neighbors. 

Green Valley Farms is located in New Garden Township, Chester County, Common- 
wealth of Pennsylvania, United States of America. This is in the metropolitan region of 
the eastern United States which is commonly termed “megalopolis” and reaches in distance 
from Boston, Massachusetts, in the north, to Washington, the capital of the United States, 
on the south. The very location within this urban megalopolis area makes the results and 
acceptance of Green Valley Farms’ concept of land use by the community such an exciting 
prospect for the future. 

Figure 1 shows the location of Green Valley Farms in relation to New York City, Phila- 
delphia and Washington. Figure 2 shows the area immediately surrounding Green Valley 
Farms. Figure 3 shows the layout of the farm, and the numbers indicate the monitoring 
stations. Figure 4 is a picture of the corn which was treated with effluent, showing the 
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excellent results. Figure 5 is Dr. Dale Beker, an agronomist and soil scientist from Penn 
State University, and Charles Magee, microbiologist from Green Valley Farms, looking 
over the effluent irrigated test plots, 1973. 

SHORT HISTORY 

Green Valley Farms was established in 1709 and is an original grant from William Penn 
and has been in continuous operation for 265 years. My grandfather purchased the farm 
in 1904 and it was operated by him and my father as a dairy farm until 1945 when I con- 
tinued the operation, wholesaling the milk to the city of Philadelphia. 

The location of this farm in New Garden Township, in a rapidly urbanizing area sur- 
rounded by a population of over 4000 people, is a microcosm of almost any metropolitan 
area, in that it has much diversity such as heavy manufacturing and fabricating plants, 
trucking industry, the world’s greatest mushroom-growing area, large horticultural green- 
houses producing some of the finest roses for the metropolitan markets, canneries, research 
and development facilities, electronic manufacturing plants, an airport, golf courses, offices 
and businesses, stores and suburban homes in the $30,000 to $100,000 price range. 

During these 70 years, the whole area has been changing rapidly from rural to urban. 
As this urbanization came upon us. Green Valley Farms made the decision to remain 
agricultural in an urban area, and I began to develop the concept of land use to utilize the 
land to its utmost agricultural capacity. Due to the drought in 1955, the first step towards 
this goal was the development of water resources by irrigation ponds and the first utilization 
of spray irrigation in maximizing crop production. 

In 1960 we decided to process the milk and sell directly to our neighbors from our plant 
and store which we built on the farm. The slogan on the jug is “From the blade of grass to 
the glass”. About this time I began to take an active interest as a township supervisor in 
improving and enhancing the environment of the community. When I was elected to the 
General Assembly in 1964, 1 continued this concern with my colleagues in Harrisburg. 

These incidents all collimated into the idea of recycling cattle waste by establishing waste 
stabilization ponds and in a beneficial and economical way apply the animal waste to the 
ground through a spray irrigation system. 

Green Valley Farms recycling program renovates the animal waste by filtering the 
treated effluent through the soil. The plants utilize the pollutants, i.e. nutrients such as 
phosphorous, nitrogen, ammonia, and organic matter, as part of their food supply. When 
we discussed our ecological blueprint with Dr. Melnick of Baylor College of Medicine, 
Houston, Texas, he likened our treatment system to a water refinery, taking a crude pro- 
duct (the cattle waste), treating it in stabilization ponds as part of the primary and secondary 
treatment and then finish refining the product by applying the treated effluent to the ground 
and crops, and thus extracting the final amount of nitrogen compounds, phosphorous, and 
organic matter. In this manner, the plants and soil are the final extraction process, giving 
us an end product of exceptionally high-quality water returned to the aquifer ready to be 
drawn upon again for mankind’s usage. 

Green Valley Farms established a research and development program to determine the 
environmental impact of land treatment on our environment. At the same time, Pennsyl- 
vania State University was developing “The Living Filter” concept. In 1967 we met with 
Dr. Kardos and his group at the Pennsylvania State University and began to develop the 
Green Valley Farms recycling system together with a water-quality monitoring program. 






RECYCLING OF AGRICULTURAL WASTE BY LAND USE 


105 


With the help of Dr. Kardos, Dr. Parizek, and Dr. Soper and the GEO Technical Services, 
our design engineer of Harrisburg, the system was developed and built in 1969 and put 
into full operation in June 1970. 


RECYCLING PROGRAM OF AGRICULTURAL WASTE 

The first full application of the recycling concept was the planting of sudan the latter 
part of June 1970, which grew 4 feet in 10 days under the spray irrigation treatment. Our 
basic raw material to be recycled is the manure effluent discharged by 200 head of milking 
cows into two stabilization ponds. The effluent is composed of the manure and urine ex- 
creted by the animals, the wash water to cleanse the concrete pads, the milkhouse and 
milking parlor wastes. 

This basic effluent, as monitored by Dalare Associates, in the first stabilization pond has 
a total fecal coliform count of between 2 and 4 million, which is reduced in the second 
stabilization pond to a range from 240,000 to 240 fecal coliform, depending upon sunlight 
and holding time. The effluent in the lagoons has shown no NO 3 , but has a range between 
85 and 72 ppm of ammonia in the first and second lagoon. The 5-day BOD can average as 
high as 500 to 600 ppm in the first lagoon to approximately 200 ppm in the second lagoon. 
Dissolved solids in the primary lagoon range from 1100 to 1200 ppm and decrease to 800 
in the secondary lagoon. Phosphates range from 100 to 60 ppm in the first and second 
lagoon. 

This biologically treated effluent is applied to the crops and woodlands by a spray 
irrigation system. The results of our testing show that the growth of the crops and the 
woodland removes 99 . 6 % of the ammonia in the treated effluent (there is no NO 3 in the 
stabilization ponds) as well as 99.6% of the phosphates as PO 4 , 5-day BOD, total and fecal 
coliform, leaving a verj' high-quality water for use again. 

The system meets the tcrliar}' requirements of the Pennsylvania Department of Environ- 
mental Resources, Delaware River Basin Commission, and the no discharge goals of the 
Environmental Protection Agency of the United States. We, at Green Valley Farms, have 
been exceptionally pleased with the high degree of efficiency of our refinery in the renovation 
of the treated effluent. 


MONITORING PROGRAM 

In its research and development. Green Valley Farms established a quality-control pro- 
gram for its recycling of agricultural waste which includes an extensive chemical and 
biological monitoring system from the very beginning of the refiniiig process to the final 
finished product of high-quality ground water returned for man s use. The chemical 
monitoring program consists of dissolved oxygen, dissolved solids, phosphates as PO 4 , 
nitrates as NO,, ammonia plus nitrates as N, 5-day BOD, and ammonia as N. A specto- 
graph analysis is done at periodical inter^'als. Also included are aerial infrared photographs 
taken for further analysis of crop growth and management. ... 

One of the first epidemiological programs in the country for a spray imgaUon system 
was developed in 1972 with Dr. Joseph L. Melnick, Chairman of the Department of Epi- 
demiology and Virology, and Professor Craig Wallis, Professor of Epidemiology and 
Virology, Baylor College of Medicine, Houston, Texas. Both gentlemen had developed 
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various monitoring apparatus capable of detecting one virus particle per 100 gallons of 
water. With this exceptionally fine capability of monitoring, Dr. Melnick and Professor 
Wallis were asked to help us with our virus monitoring program to determine if any viruses 
were present that are pathogenic to mankind. They also monitored the ground water and 
the streams within our spray irrigation area for any pathogenic viruses. To this date, none 
have been found. 

The stabilization ponds are monitored on a weekly basis by taking samples from all areas 
of the pond. Also a program to monitor for shigella and salmonella organisms was estab- 
lished, including typhoid. None have been found to date. 

Green Valley Farms spent a great deal of time designing a method of catching the treated 
effluent from the irrigation sprinkler guns. This collected effluent was put through the virus 
monitor. Again, no viral pathogens, shigella or salmonella organisms were found. 

The program put in practice at Green Valley Farms is considered one of the first of its 
kind in the country, and many regulatory agencies, environmentalists, scientists, and other 
interested people have spent many hours discussing the development of the virus-monitoring 
system for assuring the safety of the spray irrigation procedure. 

It is our belief that the program developed for us by the Department of Virology and 
Epidemiology, Baylor College of Medicine, could be duplicated and used on a worldwide 
basis to provide environmental health monitoring in the parameters of viruses in land- 
treatment systems. 

With proper monitoring, there is no longer any reason for withholding human waste- 
water, properly treated to inactivate any viral or other pathogens that may be present, 
from spray irrigation. Key to the success of such a program is (1) the use of proper treat- 
ment to inactivate viruses and (2) the regular monitoring to assure the community that the 
treatment is effective. 


ENVIRONMENTAL IMPACT 


Recreation 

Green Valley Farms is located within a community of approximately 4000 people which 
makes it a good test model for the sociological aspects of a community’s response to a 
land-treatment system, i.e. recreation, visual aesthetics, open space. 

Figure 2 visually describes the community around Green Valley Farms. The upper fresh 
water lake has provided a fishing area for local children and, on occasion, their parents. 
The irrigated woods is a recreational and nature area for the community around it. Many 
species of birds and wildlife are found in the woodland and area immediately surrounding 
it. The areas irrigated in the wintertime and the ice patterns that develop from spraying in 
the freezing weather provide a very pretty panaroma of a winter woodland landscape. The 
spray irrigation of the woodland not only feeds the trees, but by keeping the area natural, 
provides an excellent growth of berries and seeds and nuts which birds and wildlife feed on. 
This extra food supply seems to be one of the key factors to attract and keep the wildlife 
in the woodland and farming area. 

In the spring and summer the wild flowers and woodland plants, as well as the lovely 
woodland foliage, create a beautiful conservation area. The effluent from the spray irrigation 
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is feeding the woodland area and makes a very delightful nature area as well as a summer- 
time playground for the children when they are out of school. In the fall, sportsmen train 
their dogs in the general area, and when hunting season arrives, pheasant and squirrel are 
in plentiful supply. We have posted the large pond so that the mallard ducks, canvasback, 
and other species as well as the Canadian geese are protected. Horseback riding through the 
woods and the surrounding area is a year-round activity. This nature center and wooded 
area is in tlie center of a very heavily urbanized area and actually pays revenue to the 
township through a land tax. We have coined a phrase and have used it in many of our 
talks and seminars — “Taxpaying open space”. 

With proper planning and proper management, the results we have seen in the last 5 
years at Green Valley Farms indicate very strongly that the enhancement of the environ- 
ment by recycling of animal and/or human waste provides tremendous potential for 
recreational and aesthetically pleasing open space for communities and does not place a 
burden on the taxpayer. Again, we see the theme of nature and man working in harmony 
with each other to the greatly enhanced benefit of mankind. 

The community’s response to land treatment has been a very fine one. We feel this can 
be duplicated in many areas of our country and throughout the world. It is of prime im- 
portance that the community be told of the environmental enhancement of a land-treatment 
system which is of proper design and employs a good management — that it can be an asset 
to a community by improving the environment as well as providing revenue for schools 
and community services. 


Agriculture 

Green Valley Farms has been irrigating cropland with fresh water since 1955, and in the 
1960s with the help of the Pennsylvania State Um'versity began to develop a land-disposal 
system incorporating cattle wastes which had been treated in three stabilization ponds to 
a high degree of treatment and then released into the stream. We felt this was a tremendous 
waste of vital resources (both organic and chemical nutrients) which could be used on our 
land. We consulted with Dr. Kardos, Dr. Parizek, and Dr. Soper of the Pennsylvania State 
University who helped us develop a living filter system and a monitoring program for 
surface and ground water. This included streams, springs, shallow monitoring wells and 
deep monitoring wells. 

In 1970 Green Valley Farms started an active land-treatment program which eventually 
evolved and developed into “An Ecological Blueprint for Today”.* As previously stated, 
Dr. Melnick and Professor Wallis of Baylor College of Medicine have made possible the 
most extensive public health monitoring system for any land-treatment system in the 
country. As we developed our land-treatment system, working very closely with govern- 
mental agencies and the academic community, we found to our surprise that we were 
enhancing crop production to an extremely great extent. In meeting after meeting, we 
had been told that land-disposal systems are good for just short periods of time. We are 
happy to report that just the reverse was happem'ng and that our crops were mining the 
fertilizer, nutrients, and organic matter faster than we could apply them. It was at this 
point of time that we consulted with Dr. Dale E. Baker of the Pennsylvania State University 

* Copyright, 1972. Benjamin J. Reynolds, Avondale, Pennsylvania. A Manual of Waste Treatment Using 
Spray Im'gation: An Ecological Blueprint for Today. 
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and requested his help in developing a program that would be geared specifically to maxi- 
mizing food, crop, and timber production from a land-treatment system. 

We at Green Valley Farms had been interested in the use of aerial infrared photography 
for a number of years wliicli first put us on the trail of the mining effect of our plants. 
To the environmentalist, this is an exceptionally important item of the whole concept in 
that the plants utilize and renovate the applied effluent before it can reach the ground 
water. 

In 1972 Dr. Baker began to work with us to develop a system of land treatment that 
would maximize crop production as well as bring about the highest degree of waste-water 
renovation possible. The research work done by Dr. Baker during 1972 and 1973 proved 
conclusively that the treated effluent crops were indeed mining the nutrients very rapidly 
from the soil. With the aid of his staff. Dr. Baker is now in the process of developing a 
management program which consists of adding nutrients to balance the treated effluent. 
This correctly balanced effluent results in maximum crop production with the hybrid seeds 
and trees which are available to us today. 

The work accomplished by Green Valley Farms, Dr. Baker and his colleagues indicate 
a number of significant items which can have a tremendous bearing on the future of man- 
kind and the quality of life that we will be able to enjoy. At this time, I would like to list 
the very specific developments that occurred at Green Valley Farms during 1973 and their 
relation to the above comment relative to mankind. 

1. Due to our program, we were able to maximize soybean production to 76.6 bushels 
per acre. The national average is 28 bushels per acre. This high yield was unexpected. Our 
check plot yielded 27.7 bushels. 

Soybeans are one of the most versatile crops now known to mankind. The production of 
soybeans holds a key to the protein needs of the world. They can be eaten as is, as a protein 
food, or used as a supplement to enhance other foods, or they can be fed directly to animals 
to make meat protein. The greatest threat to the good health and nutrition of the world is 
the lack of protein for our young people and our older people. We feel strongly that this 
research which led us to the discovery of an exceptional soybean production must be amp- 
lified by many research institutions and agriculturists the world over. When we consider 
the anticipated increase of three billion people to our world in the next 26 years, time is 
running out. 

2. The second development verified by extensive research is that the treated effluent 
sprayed upon the sudan grass at Green Valley Farms significantly raised the digestible 
protein content by as much as 30%. This, too, bears a direct relationship to protein for 
mankind because it lessens the need for edible protein for livestock. The sudan plant was 
able to synthesize the breakdown of the ammonia in the soil from the effluent into a much 
higher digestible protein content than is normally expected from this type of grass in our 
region. Again, it appears we are just beginning to scratch the surface in the utilization of 
pollution in a highly beneficial manner to mankind. 

3. The third major finding entailed the difference between the effluent-treated ear eorn 
and the nontreated ear corn. The nontreated corn produced a low of 75 bushels, whereas 
the effluent treated com (same variety of seed, same field) produced a high of 152 bushels. 
Due to a very wet and cold spring, this corn was replanted on June 10, which was approxi- 
mately 30 days later than usual for planting in southeastern Pennsylvania. Dr. Baker 
believes there is a potential of obtaining 200 bushels per acre and, in an exceptionally good 
year, even higher. 
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All test programs were significant at 95% and 99% levels, per Dr. Baker’s report.* 
With this documented research, we feel very strongly that if the nations of the world 
start immediately to look at the use of land treatment where wanted and applicable for 
maximizing crop production, we can provide a better food supply than is now grimly 
projected for the future. 


Grassland Farming 

Results of our research and work show that grassland farming using the application of 
effluent by land treatment will become one of the most important aspects to be considered 
by agronomists in the near future for increased food production. 

Much of the grasslands in the world arc not suitable to be intensively cultivated and 
plowed year after year because of their topograpliical features. The soil-conservation pro- 
grams tlie world over indicate it is best to keep much of the grassland and woodland in its 
natural state in order to prevent environmental erosion. These grasslands are often of 
poor agricultural capabilities as compared to class 1 and 2 farmland. The grassland hill- 
sides can make an ideal place for the application of botli animal and human treated effluent 
and sludge. Usually the best method of harvesting the crops from grassland and steep 
ground is by cattle and sheep. The alternative to raising of animals on much of the grass- 
land area would be to terrace the land which would be prohibitive in both time and energy. 
The terraced land would prevent soil erosion. 

Our research has shown that we can raise the protein content of certain grasses, making 
it even more appealing to pasture meat and milk animals on this poorer-quality ground. 
Working very closely together with the soil scientists, agronomists, and people actively 
engaged in animal husbandry, we can utilize land treatment on our grassland areas through- 
out the world, thereby providing mankind with a much greater supply of red meat than 
heretofore thought possible. 

Finally, the work at Green Valley Farms has shown that timber production of both 
hard and soft woods has vastly been increased by the use of treated effluent. As the world 
demands more and more of lumber and paper products, much of the marginal ground that 
has gone out of production can be brought back into full-scale environmentally safe pro- 
duction through the raising of trees for timber and paper by the land treatment method. 


SOCIOLOGICAL IMPACT 

As part of this paper, I would like to present an editorial from the Philadelphia Inquirer, 
August 24, 1974, entitled “Famine is a World Wide Problem” with the subtitle “The Mark 
of Cain”. 

Three basic premises were pointed out in this editorial — a climatic shift produced by 
the cooling of the earth— the huge rise in the world price of petroleum— the geometric 
expansion of the world’s population. 

The editorial mentions that the cooling of the earth has caused severe droughts across 
much of Africa and Asia. The extremely high price of petroleum products has contributed 

* Baker, Dale E. c/ a/., “Effect of Waste Disposal on Crops, Soils and Wate ‘‘the use 

of dairy cattle manure effluent for maximizing crop production”. 



110 


BENJAMIN J. REYNOLDS 


drastically to the rise in price of fertilizer which is so badly needed to provide adequate 
supplies of nutritionally balanced food. The geometric expansion of the world’s population 
applies the same demand geometrically upon our food supply. 

The research and development that has been carried on at Green Valley Farms, we feel, 
will have a tremendous beneficial social impact upon the world in the years to come, I 
would like to stress them in the following manner: 

1. Pollution abatement— removing the pollutants from the animal wastes, thus pro- 
viding a better and cleaner environment. 

2. Removal of the nutrients and organic matter from the animal wastes, thus providing 
an exceptionally high quality of renovated water to be utilized by mankind for his 
many needs and uses. 

3. The increased crop production resulting from items 1 and 2 (the recycling of agricul- 
tural wastes at Green Valley Farms) showed very specifically our ability to double 
corn production and triple soybean production and vastly increase both the tonnage 
and protein content of grasses. 

The net effect of the ability to enhance crop production by recycling of agricultural 
wastes would be to provide a diet substantially increased in both energy and protein. Our 
civilization is very close to a diet so low in energy and protein content that it can cause 
tremendous physical and mental damage to many of our peoples throughout the world. 
This not only can happen to underdeveloped countries but, with the changing climatic 
and economic factors in the world today, can happen also to our developed countries. 
We feel very strongly that our concept of recycling animal waste can be applied as well to 
recycling of human wastes with the same results and can be one of the major factors in 
meeting the world food crisis that appears to be bearing down upon us. Not only a very 
beneficial and environmental impact, but a beneficial sociological impact to our world’s 
people would seem to be the net result of our research and development program. 


GREEN VALLEY FARMS 


Testing and Monitoring 

On October 19, 1971, Green Valley Farms had a spectrogram done by Dalare Associates 
on the agriculture waste in the second lagoon (station no. 11). The laboratory reported 
there was no indication of any heavy metal or toxic deposits in the lagoon. 

The week of October 14, 147 tests were run on twenty stations including total coliform, 
fecal coliform, dissolved oxygen, dissolved solids, nitrates (NO3), phosphates (PO 4 ), bio- 
logical oxygen demand and chemical oxygen demand. We were very pleased with the test 
results on both ground water and surface water. 

Green Valley Farms has conducted aerial infrared photographic surveys of the waste 
water renovation project. These surveys were started in the spring of 1971 and are con- 
tinuing to date. 

Many state, federal and local agencies and other interested watershed and conservation 
groups have visited our site. We are pleased with the interest shown in our project and will 
continue to welcome interested groups. 



DISCUSSION 


BROWN; Thank you, Mr. Reynolds for that interesting paper. I was somewhat startled and somewhat 
pleasantly surprised by the major increase in soybean yield. I have been told that the soybean has responded, 
but very slowly in research in increasing yield and that it responds to liberal application of fertilizer rather 
slowly as well, simply because in part the symbiotic system fixes its own nitrogen. Do you have any clue 
as to the reason for this increase of yield? 

REYNOLDS: Yes, we are beginning to sift the data generated by the soybean test plots at Green Valley 
Farms research and development project. This data was fed into a 360 computer at Pennsylvania State 
University and showed that the test plots which were sprayed with effluent plus nitrogen yielded at the rate 
of 76.6 bushels per acre— a very dramatic increase— as opposed to only 27 bushels per acre on the non- 
treated test plot. As pointed out in a national magazine, the average soybean yield in the nation now is 
28 bushels per acre per year and the average increase per acre per year is only 1 %. The yield of the soybeans 
on the effluent-treated plots at Green Valley Farms was 177% greater than that of the control plot. 

It has been observed in the test plots that the nitrogen-fixing nodules are much more extensive on the 
effluent-treated soybean plants than on the non-treated. The soybean plant is much larger with a far greater 
leaf area in the effluent treated than the check plot. 

Putting all these factors together, one can begin to draw some preliminary conclusions as to the “Why?” 
of such a large yield. These would be (1) the effluent-treated soybeans become a much higher efficient plant 
because of the larger increase in the nitrogen fixing nodules, (2) the larger leaves enable the plant to use the 
sunlight much more efficiently, (3) the plant itself is much sturdier and larger which allows more pods per 
stalk than normal. Some of the stalks that we recorded had as many as 185 pods. 

BROWN; But I gather that the specific biological or chemical reason for this is not known yet. 
REYNOLDS ; No, the specific biological and chemical reasons for this increase have not been ascertained 
as yet. The physical data, i.e. the larger growth, more nitrogen-fixing nodules causing maximum yield 
would strongly suggest a very concerted effort be made by the scientific community to determine the specific 
biological and chemical reasons for such a large yield, because soybeans are one of the world’s most im- 
portant crops. 

DYKE; I was wondering. Dr. Reynolds, if you can tell me, have you done any work with the manure 
as it leaves the animal, as opposed to irrigation? . . . 

REYNOLDS; Yes, Dr. Dyke. We have applied the manure from the cow to the farm production crop 
in a number of ways. First, it has been applied as you call it “neat” — spread on the fields the same day 
the manure was dropped. Secondly, the manure was stacked for periods ranging from 1 week to 2 months 
and then spread upon the field. Thirdly, the manure was biologically treated in stabilization ponds and 
then pumped out and sprayed on the fields under high pressure. The growth results of the irrigated manure 
far surpassed any other method of recycling the manure waste. 

DYKE: You’re right to put the stuff on the land. I’m quite sure of that. What I was getting at . . . and 
you’re right to balance up the mineral values. This is essential. If you get a balanced plant food theoretically, 
no matter how much you put on the land, it must be beneficial. I was trying to get at the economics of 
handling hydraulically. Let’s say at 1 % dry matter . . . you’re handling, say, 9 times the volume you need 
to handle ffyou take it at a 10% value DM as it leaves the animal. In other words, is there economic cause 
for using water simply as an aid to transport? 

REYNOLDS: Yes, there is an economic cause for usmg water as an aid to transport the manure. First, 
it is more economical to move the manure by pipeline that it is to move manure into the field one load at 
a time. Secondly, it is the most efficient way to handle the recycling of agriculture waste with the extra 
benefit of using the water that transported the manure to enhance crop production and recharge the ^ound 
water after the plants have taken out aU the nutrients and leaving a high-quality water to recharge the 
ground water. 

DYKE: And you have a dry land situation? You see in the U.K. we are going off irrigation . . . this is 
what I’m getting to finally . . . we’re going off spray irrigation in favor of handling it neat because of the 
energy cost of hydraulic transport and the fact that we cannot spray in certain conditions — when the crops 
are growing, of course, and in the winter when you have a high water level in the soil and run off to stream. 
This is one of the great problems we have in the U.K. where we have a very high rainfall. 

HERBERT: I have a very simple question, really, and Mr. Hayes touched on it slightly. These wastes 
are generated every day, 7 days a week. How do you handle them in very inclement weather? 

REYNOLDS: Mr. Chairman, may I take a moment to answer that? There are several ways. We have a 
storage capacity of approximately 4 million gallons that we can store for about 30 days. We use in the 
United States — ^I was very fortunate m stopping in the United Kingdom to see your sludge-disposal system 
at Maple Lodge — ^we irrigate at 0“F. We have been able to, in working with Penn State we use a different 
type of gun— but we spray into the air and make ice on the trees. We use woodland. This, Dr. Cardos 
tried to explain to me and I know that Dr. Fairisack understands it much better than I do . . . but the slow 
melt does not allow it to run down the streams because we monitor all the streams and we also monitor 
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Abstract. Ground water is the sole source of potable water for the 2.6 million people in Nassau and 
Suffolk counties. New York. Ground-water recharge by recycling large volumes of wastewater 
from cesspool leachate has caused widespread deterioration of ground-water quality. In some areas, 
concentrations of nitrate exceed the standard recommended by the U.S. Public Health Service for 
drinking water, 10 mg/1, as N. Planned and controlled recycling of highly treated wastewater through 
ground-water recharge can conserve water and help manage the deterioration of ground-water 
quality within economic and public-health constraints. 


IMPORTANCE OF GROUND WATER ON LONG ISLAND 

Long Island is an elongated land mass of about 3600 km'^ (1400 mF) just seaward of the 
north Atlantic coast of the United States mainland (Fig. 1). Politically, Long Island is 
divided into four counties — Kings, Queens, Nassau, and Suffolk counties. The two western- 
most counties. Kings and Queens, are part of New York City and are densely populated. 
About 4.2 million people (New York State Division of the Budget, 1973) live in the 500 
km^ (193 mi-) area of these two counties. Most of their water needs are supplied by the 
New York City water system with water from distant surface sources, but an average of 
4.01 X 10® m®/day (106 Mgal/d) (New York State Department of Environmental Conserva- 
tion, 1973) of ground water was pumped locally for some of the industrial and public- 
supply needs in 1972. In contrast, ground water is the sole source of supply for the 2.6 
million people inhabiting the 3100 km^ (1200 mi-) area of Nassau and Suffolk counties — 
the two easternmost counties. There the population is unevenly distributed, and the 
population densities range from about 60 persons/km^ (153/mi^) at the east end of Suffolk 
County to 2500 persons/km^ (6481/mi^) in western Nassau County (Long Island Lighting 
Co., 1973). 

In 1972 ground-water withdrawals in Nassau and Suffolk counties averaged 1.41 x 10® 
m®/day (373 Mgal/d). Distribution of the pumpage by use was; public supply, 78%; 
industrial, 19 %; and agriculture, 3 % (Fig. 2). Population and per capita demand — currently 
about 380 1/day (100 gal/d) for non-industrial purposes — are expected to continue to 
increase. By the year 2000, the total water-supply needs of Nassau and Suffolk Counties 
are estimated to be between 2 and 2.25 x 10® m®/day (528-595 Mgal/d) (Temporary State 
Commission on the Water Supply Needs of Southeastern New York, 1972). Part of the 
future water requirements of this area will probably be met by carefully controlled, large- 
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Fig. 1. Location and political subdivisions of Long Island, New York. Stippled area is New York City, N.Y. 

scale recycling of water reclaimed from municipal sewage. Until now, part of the water 
needs have been met inadvertently by unplanned and unregulated large-scale recycling, 
through ground-water recharge, of water from domestic wastes. This practice has caused 
certain water-quality problems described later. 



Fig. 2. Average daily withdrawal of groundwater by use in Nassau and Suffolk counties in 1972, 


HYDROLOGIC SETTING 

Mean annual precipitation on Long Island ranges from 1020 to 1270 mm (40-50 in) 
and averages 1120 mm (44 in) (Franke and McCIymonds, 1972, p, FI9). A little more t an 
half of the mean annual precipitation, or about 580 mm (23 in), recharges the groun 
water reservoir over most of Long Island (Cohen and others, 1968, p. 44). 
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The Long Island ground-water reservoir is a wedge-shaped mass of unconsolidated 
deposits of gravel, sand, silt, and clay. Thickness of these deposits ranges from near zero 
in the extreme northwestern part of the reservoir to about 600 m (2000 ft) in the south- 
central part and reflects the southeastward-sloping bedrock surface on which the uncon- 
solidated deposits lie (Fig. 3). The major hydrogeologic units and their water-bearing 
characteristics are listed in Table 1 ; their structural arrangement is shown in Fig, 3. 


CONNECTICUT! NBV YORK 



Gravel 


Consolidated rocK 


Fig. 3. Geologic features of the Long Island ground-water reservoir. (After Franke and McClymonds, 

1972, fig. 8, p. FIO) 


The upper glacial aquifer is the shallowest of the three major aquifers. It is unconfined 
and is easily contaminated by wastes disposed of at or near land surface. Intermediate in 
position is the Magothy aquifer from which is pumped most of the ground water used on 
Long Island. The Magothy is unconfined to poorly confined over most of interior Long 
Island, and it, too, is readily contaminated, although much slower than the upper glacial 
aquifer. The Lloyd aqmfer is the deepest. It is well confined and is comparatively well 
protected from contamination by surface-applied wastes by the overlying thick clay unit 
(Table 1 and Fig. 3). 
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Table 1. Major hydrogeologic units of the Long Island ground-water reservoir'*' 


Geologic 

system 

Hydrogeologic ■ 
unit 

Approximate 

maximum 

thickness 

(metres) 

Characteristics 


Upper 

glacial aquifer 

120 

Mainly sand and gravel of moderate to high perme- 
ability; also includes clayey deposits of glacial till 
of low permeability. 

Quaternary 

Gardiners clay 

35 

Clay, silty clay, and a little fine sand of low to very 
low permeability. 


Jameco aquifer 

60 

Mainly medium to coarse sand of moderate to high 
permeability. 


Magothy aquifer 

300 

Coarse to find sand of moderate permeabifity; locally 
contains gravel of high permeability, and abundant 
silt and clay of low to very low permeability. 

Cretaceous 

Raritan clay 

90 

Clay of very low permeability; some silt and fine sand 
of low permeability. 


Lloyd aquifer 

90 

Sand and gravel of moderate permeability; some 
clayey material of low permeability. 


* Table modified from Cohen and others (1968, p. 18). 


CHANGES IN GROUND-WATER QUALITY RESULTING FROM 
UNPLANNED AND UNCONTROLLED RECYCLING OF WASTEWATER 

The fresh uncontaminated ground water of Long Island had a remarkably low dissolved- 
solids concentration. The dissolved-soUds concentration is estimated to have been every- 
where less than 50 mg/1 and in some places as low as 20 mg/1 (Franke and McClymonds, 
1972, p. F35). As water moved through the layers of sediment composing the ground- water 
reservoir, its dissolved-solids concentration changed but little because of the chemical 
inertness of the sediment. Representative analyses of uncontaminated water from the three 
principal aquifers are shown in Table 2. 

For many decades after people began settling on Long Island, domestic sewage was 
disposed of entirely by individual cesspools. As urbanization advances eastward across 


Table 2. Representative chemical analyses of uncontaminated water 
from the three principal aquifers on Long Islandf 
(Concentrations in milligrams per litre; analyses by U.S. Geological 

Survey) 



Upper glacial 

Aquifer 

Magothy 

Lloyd 

Iron (Fe) 

0,01 

0.61 

1.5 

Calcium (Ca) 

1.5 

0.5 

0.9 

Magnesium (Mg) 

1.3 

0.1 

0.5 

Sodixim and potassium (Na and K) 

3.8 

2.7 

6.7 

Bicarbonate (HCO 3 ) 

4 

3 

4 

Sulfate (SOi) 

6 

1.6 

14 

Chloride (Cl) 

5 

2.5 

2.0 

Nitrate (NO 3 as N) 

0.02 

0.02 

0.02 

Dissolved-solids concentration 

36 

15 

36 


t Table after Cohen and others (1968, p. 50 and 51). 
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concentrated in any locale, and agricultural demand is small. A similar pattern of demand 
most likely will prevail through at least the next several decades. Hence, any plan for re- 
cycling wastewater through ground-water recharge in these counties will be rigorously 
constrained for public-health considerations, as ground water in this area is mainly used 
domestically and is the only potable water available. 

The land-utilization pattern in most of Nassau and Suffolk counties precludes much 
application of low-rate recycling schemes designed to use the soil mantle as a major element 
in the treatment process, as described by Sopper and Kardos (1973). Rather, the high value 
of land and the very permeable nature of the surficial deposits over most of the area favor 
recycling involving high rates of application of treated wastewater. Although high-rate 
recharge (several metres per week) is hydraulically feasible and is highly desirable from a 
land-use standpoint, little chemical quality improvement of the applied water is likely 
through interaction with the soil and aquifer because of the high flowrates and the cheim'cal 
inertness of the aquifer materials. Therefore, wastewater must be treated to the extent that 
it meets many of the requirements of drinking water before it can be recycled as ground- 
water recharge. Removal of nitrogen is a major prerequisite. 

Technology exists for purifying wastewater to stringent standards required for recycling 
by way of ground-water recharge or streamflow augmentation. At least four methods of 
nitrogen removal from wastewater have been demonstrated (Culp and Culp, 1971 ; Metcalf 
and Eddy, Inc., 1972). The methods include: 

(1) Biological nitrification and denitrification. 

(2) Air stripping of ammonia. 

(3) Selective ion exchange of ammonium. 

(4) Ammonia removal by break-point chlorination. 

Depending on other requirements, one of these nitrogen-removal unit processes can be 


Table 3. Anticipated water quality from pro- 
posed advanced waste-treatment facility in 
Nassau County* 

(All data in milligrams per litre except where 
indicated) 


Parameter 

Concentration 

Biological oxygen demand 

0-2 

Chemical oxygen demand 

10-25 

Total organic carbon 

5 

NHjasN 

0-1 

NOj+NOj as N 

0-1 

Organic N 

1-2 

Total N 

2-3 

Total PO, as P 

0.1-0.2 

Turbidity (Jackson turbidity units) 

0.1-1 

Suspended solids 

1-2 

Total dissolved soh’ds 

350-500 

Cl- 

70-80 

SO.-- 

70-90 

Phenols 

<.005 

Methylene blue active substances 

0.03-.03 

Coliform (no. per 100 ml) 

<2 


* Table modified from Beckman and Avendt 
(1974, table 33). 
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incorporated into a combined biological and (or) physical-chemical, advanced waste- 
treatment process to yield reclaimed water of high purity. A treatment scheme proposed 
for reclamation of water from municipal sewage in Nassau County includes: (1) chemically 
aided primary sedimentation, (2) two-stage biological removal of carbonaceous and nitro- 
genous substances, (3) filtration, (4) adsorption on carbon, and (5) disinfection by chlorine 
(Beckman and Avendt, 1974). This process is expected to yield water having the quality 
characteristics shown in Table 3 and which will be recharged to the ground-water reservoir. 
Other somewhat different advanced waste-treatment processes are in use or in construction 
stage in otlier parts of the United States. Culp, Culp, and Hamann (1973) have reviewed 
some of these processes. 

Concentrations of many of the dissolved inorganic constituents in reclaimed water will 
increase through each reuse cycle unless provision is made in the advanced waste-treatment 
process to remove or dilute them. The severity of these increases depends partly on the 
initial concentration of constituents and the use to be made of the water. For example, on 
Long Island the dissolved-solids concentration of the water is increased from less than 50 
mg/1 to roughly 400 mg/1 through the first use (mainly domestic) and reclamation cycle. 
Considering just the dilution expected from the natural blending of reclaimed water through 
ground-water recharge with the natural recharge from precipitation, the dissolved-solids 
concentration might not significantly exceed the U.S. Public Health Service (1962) potable- 
water standard of 500 mg/1 until after the third cycle. In contrast, in Orange County, 
California, where dissolved-solids concentrations approach or exceed the potable-water 
standard initially and dilution from natural recharge is low, water reclaimed after the 
first cycle has a dissolved-solids concentration of 1100 mg/1 and is diluted with desalted 
seawater before being recharged (Cofer, 1972). 

Various experimental and demonstration projects involving wastewater reclamation 
and ground-water recharge are underway on Long Island. These include low-rate (5 cm 
per week) spray irrigation of primary-treated sewage, high-rate (several metres per week) 
basin recharge of highly treated wastewater, and well injection of highly treated waste- 
water. Each method has favorable aspects as well as drawbacks, but all seem to be tech- 
nically practical. Basin recharge of water reclaimed from sewage is probably the most 
practicable method of recycling wastewater throughout most parts of Long Island. 

In conclusion, controlled recycling of wastewater through ground-water recharge will 
not necessarily prevent all water-quality deterioration. Rather, it is a means of conserving 
water and partly managing the deterioration within various economic and public-health 
constraints. 
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Abstract. The growing demands on the limited water supply of the world may be related directly 
to pressures created by an expanding global population and the consequent broadening industrial 
base and intensified agriculture. Wastes from these sources have degraded water quality and com- 
pound the problem of acceptable supply versus increasing demand. 

Evaluation of water-resources data in choosing the best courses of action consistent with judicious 
use and protection of the available water supply, has resulted in increased emphasis on recycling 
water. To fully assess the effects of recycling on water quality, for whatever water use, hydrologists 
will be obliged to consider the entire interdependent hydrologic system and to gather and evaluate 
truly comprehensive data. 


INTRODUCTION 

The world’s water supply has practically neither diminished nor increased since the earth’s 
atmosphere was formed hundreds of millions of years ago. While water use continues to 
escalate in response to the expanding world population which is expected to double in the 
next 35 years, the total amount of water available remains about the same. Increases in 
population result in increased use of water for urban areas, factories, farms, and power 
plants, as they, in turn, respond to needs and demands of people. Thus, the relation of 
supply to meet demand is strained in the direction of greater demand. 

Uneven distribution of water resources has long been recognized. This fact, plus droughts 
experienced in this and other recent decades, have prompted increases in recycling and 
brought about a more general awareness of the potential benefits of reuse. The issue of 
water reuse has largely been avoided (Graeser, 1974), although it is known that some major 
cities around the world already withdraw river water that contains a high percentage of 
sewage effluent for treatment as public water supplies (Culp et ah, 1973). Numerous 
published reports attest to successful spray irrigation of sewage effluents which stimulates 
crop production. Land spreading is used to dispose of wastes and, at the same time, to 
help reclaim poor and despoiled areas and to upgrade others. Artificial recharge of aquifer 
systems for water supply and as buffers against salt-water intrusion is becoming more 
common. Thus, it would seem that there is no longer the question of whether we should 
recycle, but rather how and when should it be done, particularly in water-short areas 
where action is demanded. 

Accepting the premise that recycling of water will be practiced more widely than before 
reinforces the need to monitor the quality of water to be recycled and the water with which 
it might come into contact in order to evaluate the immediate impact of reusing water and 
to estimate long-term subtle effects. If warranted, expeditious alternative action could be 
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taken, and recycling schemes and techniques could be modified according to results of 
comprehensive monitoring. Conversely, decisions already made could be further supported 
by these same data. 

Wastes from man, agriculture to sustain his life, and goods and services to ease his way 
as affluence will permit, ultimately contact an aquatic environment. Potential contaminants 
are as various as all known inorganic and organic elements and compounds, which now 
number several million, and all those to come, and all the unknown. The variety grows by 
the formulation of approximately 10,000 new compounds each year. 

Water is close to being a universal solvent and is an extremely efficient transport mech- 
anism. Fluvial sediments, either organic or mineral, are also efficient transporters. Bio- 
logical transformations of materials in solution, sorbed on sediments, or in the form of 
organochelates are controls on water quality to be reckoned with. As hydrologists and 
water managers evaluate data and advise others who must make decisions concerning 
sufficient quantity of water of acceptable quality, it is incumbent upon all involved to 
understand these controls and their reactions with and dependence upon each other, and 
the relation of the composite of the controls with the environmental setting. For this 
understanding, really comprehensive data of good quality are necessary. 

The best-managed water systems require the investment of considerable time by talented 
managers guided by properly evaluated data of good quality. Such management defines 
problems, seeks improvement, and decides how best to shape the future instead of being 
shaped by it. The purpose of this paper is to draw attention to the current manner of 
evaluating water quality, how recycling may affect such an evaluation, and to outline the 
elements of a comprehensive, interdependent evaluation. 

WATER RESOURCES ASSESSMENT 

Water quality must be considered as only one of several elements that bear upon water 
as a resource. Quality has a proper and important place, which is no greater nor less than 
the quantity of water available, natural controls, man’s influence, intended water use, and 
acceptability of the water for use by man. Some of the more important elements to be 
considered are given in Table 1 in an arbitrary ranking. Location, climate, and land slope 
are major controls. Surficial and subsurface minerals are sources of solutes for both surface 
water and ground water. Land use in an area under investigation is now commonly defined 
early in the study because it bears considerably upon the amount of runoff, infiltration 
rates, and point and diffuse sources of effluents and soluble materials. 

These factors are largely responsible for the quantity and quality of water available; 
however, an assessment of water resources would not be complete without more definitive 
inf ormation on the amount of surface water and ground water available and detailed 
knowledge of the quality of both, A bountiful supply unacceptable for intended use without 
prohibitively expensive treatment satisfies little or none of world thirst. On the other hand, 
there may be numerous uses for which a poorer quality of water would be perfectly accept- 
able. Thus, considering quantity and quality of water as equal elements of assessment seems 
obligatory to the hydrologist. 

Water use and reuse has much to do with assessment. Recent reports (Graeser, 1974; 
Bruvold and Ongerth, 1974) indicate that the public will presently accept a limited amount 
of reclaimed water, primarily for low-contact uses. Use of such water for drinking, food 
preparation, and bathing was acceptable to slightly less than 50 % of the people interviewed. 
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Table 1. Elements of a water resources 
assessment 


Topography Availability of water 

Hydrology Quality of water 

Geology Water use 

Land use Socio-economic factors 


Little is known about acceptability of reclaimed water from sources other than sewage 
effluents; however, salt loads from irrigation returns are known to be troublesome without 
costly treatment or dilution with fresh water. Cooling-water returns from industry and 
power generation have been described as both deleterious and beneficial. Acceptability is 
ill-defined where metals are transported from mining areas and pesticide residues move 
about in solution or sorbed on fluvial sediments. It would seem that social constraints on 
water use and reuse, and the economics of clean or acceptable water, on the other hand, 
are strong factors in assessing water resources, but indeed, the deciding factor may be and 
often is cost alone. 


WATER-QUALITY ASSESSMENT 

Historically, only selected elements of water-quality assessments have been measured. 
And these elements have been evaluated as if they were independent entities. Recognition 
is growing, however, that only comprehensive data such as those summarized in Table 2, 
when properly integrated, contribute to an undistorted water-quality assessment. Whether 
unstable water properties are measured in situ or samples are collected for analysis in the 
laboratory, representative sampling is prerequisite to obtaining valid data. There is little 
justification in analyzing poorly collected or poorly preserved samples that may lead to 
biased interpretations. Thus, the validity of data may be directly related to the confidence 
in sampling. 


Table 2. Elements 

of a water-quality 

assessment 

Characteristics 

Hydrologic component 

Inorganic 

Solution 

Organic 

Suspension 

Biological 

Bottom material 

Sediment 

Aquifer material 

Physical 



Complementing field measurements, determinations in a laboratory with a high degree 
of analytical competence where quality control is maintained are equally essential in pro- 
viding valid data. Capability is needed for measurements of physical, chemical, and bio- 
logical characteristics in all components of the aqueous system. 

Virgin water quality is closely related to lithology and contact time; however, controls 
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on quality are commonly biological and organic. Because carbon is essential to all forms 
of life, it is used by biological populations whose rates of carbon assimilation are determined 
in large measure by temperature and sunlight. Inorganic materials arc bound within the 
bio-organic complex in addition to being present as solutes. Sediment may be a source or 
a sink for many substances, including pesticides, heavy metals, and nutrients. Above all, 
sediment may be an excellent historical integrator, and chemical analysis of sediment 
samples in conjunction with measurement of sediment discharge quickly reveals much 
about a drainage basin. 

Substances that need to be assessed in an effective water-quality assessment may be 
found in true solution, associated and transported with suspended material, or sorbed on 
fluvial material of today which becomes the bottom material of tomorrow when stream 
energy has dissipated and particles have settled out. 

When studying the quality of water withdrawn from aquifers, the characteristics to be 
measured are similar to those for surface water, but, in addition, knowledge of the physical 
and chemical properties of the aquifer material is essential in understanding the liquid 
phase. 

Thus, briefly, a case is made for collection of really comprehensive data. Current tech- 
nology is adequate to permit all measurements needed. So, it is emphasized that to selec- 
tively ignore any characteristic in any component of the aqueous system may lead to a 
grossly erroneous assessment. 


EVALUATING WATER QUALITY 

With truly comprehensive and valid data available, one may begin to evaluate water 
quality, A checklist and pertinent factors are given in Table 3. 

Table 3. Factors for evaluating water quality 

Representative sample paramount 
Validity of data = confidence in sampling 
Validity of data=analytical competence 
Consideration of natural controls 
Consideration of man’s influence 
Consideration of use criteria 

Evaluation of comprehensive data as an interdependent system 


Water quality is the end product of many elements having numerous controls, and the 
individual values of measured elements are complementary to and highly dependent upon 
one another. Therefore, it is essential that all the water-quality elements in all the aqueous 
components be examined with their interdependence in mind for a meaningful water- 
quality evaluation. Natural environmental controls will be considered in relation to certain 
land-use practices and resultant point and diffuse contamination. 

Once quality is defined, suitability of the water for an intended use remains to be judged. 
Criteria for use are even more variable than uses themselves. Criteria for a public water 



RECYCLING AND WATER QUALITY 


125 


supply may revolve around health. Industrial requirements vary from the need for almost 
pure water to water in which solutes are of little concern — cooling water, for example. 
Agricultural criteria lie somewhere between those of public supplies and those of industry 
if certain elements injurious to plants are not present. On the other hand, high nutrient 
loading would be welcome. 

Water selected for reuse is likewise to be judged by use criteria. Recycling can take many 
forms, from spray irrigation of sewage effluents to aquifer injection of water for drinking- 
water supplies. The same water-quality elements measured in the same aqueous compo- 
nents, as outlined for a general assessment, is equally useful in evaluating reuse suitability. 


SUMMARY 

One means of assessing whether a course of action is indeed judicious, is the amount of 
time and effort e.xpendcd by talented and knowledgeable people in the decision-making 
process. To be preoccupied with current problems and to devote little or no time to planning 
for the future inevitably makes it more difficult to resolve the problems of acceptable water 
supply versus an ever-increasing demand. Evidence is accumulating that long-range plans 
to increase reuse of water are receiving wider attention and that public acceptance of the 
practice is becoming more favorable. 

Although a water-quality evaluation involves consideration of several factors as an 
interdependent system, adequate technology needed for measurement and evaluation is 
generally available. But as recycling is practiced more intensely, it will become more in- 
cumbent upon hydrologists to gather the truly comprehensive data necessary for undis- 
torted assessment. 
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VARIOUS LAND ADAPTATIONS TO FOOD 
WASTEWATER TREATMENT 


Louis C. Gilde* 

Campbell Soup Company 


Abstract. Campbell Soup Company lias adopted a philosophy that where food-processing plants 
can be located in rural areas, attempts should be made to utilize the natural environment for treat- 
ment purposes. If utilized properly, the land can provide us with an enormously effective way to 
treat and dispose of our wastewaters. Two c.xamplcs of proper utilization of the environment are 
Campbell’s plants at Sumter, South Carolina, and Paris, Tc.\as. Both systems are the spray irriga- 
tion technique of treating their wastesvaters. 

The Sumter system can be classified as following the “conventional” technique of spraying waste- 
water onto sandy soils with high infiltration capacities, and allowing the water to filter down through 
the soil. One added feature, however, is the inclusion of a network of perforated drainage pipe 5 to 
7 feet underground to improve tlie infiltration capacity of the soil and drain off the treated waste- 
water. 

The Paris system is an “overland flow” surface filtration system which is constructed on land that 
is relatively impervious and which will not permit high infiltration rates. This is a relatively new, 
but highly effective, concept of spray irrigation wherein the wastewater is spread in a thin sheet to 
have a good interaction zone with soil humus. 

Both the Sumter and Paris systems have proved to be extremely efficient, each removing greater 
than 98 % of the applied BOD for appro.ximatcly 10 years. Experience with systems like Sumter and 
Paris has led us to believe that more attention should be focused on the land and its proper manage- 
ment. 


INTRODUCTION 

Although we generally do not associate them as such. Nature creates many different kinds 
of wastes. Except for major catastrophes such as earthquakes and flooding, these natural 
wastes are rarely ever noticed by the casual observer. This is so because Nature uses her 
own resources to eliminate waste products. For example, each fall, tons of organic litter 
from dying vegetation are dropped on the soil surface, but yet the land does not choke on 
its own refuse. It has, rather, the enormous capability to accept this litter and provide the 
conditions for these wastes to decay naturally without detrimentally affecting the surround- 
ing environment. 

For many years man, too, has used the land for disposal of his wastes. There are too 
many instances, however, where man has attempted to use the land without giving much 
forethought to the whys and hows of proper utilization. We know that the land is capable 
of utilizing organic wastes and converting them to plant nutrients and other innocuous 
substances. If we can learn how to make the optimum use of our available lands, we will 
find that Nature will lend a great deal of assistance in treating and disposing of our wastes, 

* Mr. Gilde is Director-Environmental Engineering, Campbell Soup Company, Camden, N. J. 
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At Campbell Soup Company we have adopted the philosophy that where food-processing 
plants can be located in rural areas, attempts should be made to utilize the natural en- 
vironment for treatment purposes. Two perfect examples of this philosophy are the plants 
located in Sumter, South Carolina, and Paris, Texas. This paper will describe how, in 
each case, the existing local environments were utilized and converted into wastewater 
treatment systems capable of achieving extremely high degrees of efficiency. 

The Sumter, South Carolina, plant consists of one of the world’s most modern, integrated 
poultry operations. At this plant, live poultry is completely processed under the most 
sanitary conditions to provide meat for Swanson Frozen Dinners and for Campbell’s Soups. 
The Paris, Texas, plant processes the complete line of Campbell’s Soups along with bean 
and spaghetti products. 


SELECTION OF THE TREATMENT SYSTEM 


Spray Irrigation Versus Conventional Treatment 

As is the case when any new plant is built, the site selection must be considerate of the 
type of wastewater generated by the plant and the treatment options available. Many food- 
processing plants, but certainly not all, are located in rural or semi-rural areas. This can 
create some very definite problems from a wastewater treatment standpoint. For example, 
the closest municipal system may be located too far away to tie into it, or it may already be 
at or above design capacity and could not accept any additional waste. On the other hand, 
however, rural locations many times do possess the luxury of land availability at reasonable 
cost, which in turn, allows the plant to consider a wide variety of treatment alternatives. 

Campbell Soup Company has found through experience that, if enough land is available 
for the use of the spray irrigation technique of wastewater treatment, it should be given 
high consideration. Spray irrigation is capable of consistently producing a higher-quality 
effluent than conventional secondary treatment systems and at a cost which is highly 
competitive with these other methods. 

Both the Sumter and Paris plants are located in semi-rural areas where, all factors con- 
sidered, it appeared that spray irrigation was the most practical treatment option to take. 
There is one very significant difference between these two treatment systems, however. 
Whereas the Sumter system can be generally thought of as a somewhat “conventional” 
spray irrigation system where the applied wastewater percolates into the ground, the Paris 
system is built on a clay soil with little infiltration and utilizes the “overland flow” technique. 


Spray Irrigation Via Infiltration 

At Sumter, South Carolina, the plant site consisted chiefly of sandy soil with a relatively 
high infiltration rate. Upon further investigation, however, it was found that the sandy 
soil was underlain with a dense clay subsoil which began between 5 and 7 feet below the 
surface. 

It appeared that the site would be an ideal one for the use of the spray irrigation form of 
waste treatment if a way could be found to overcome the infiltration barrier presented by 
the clay subsoil. Although the surface infiltration capacity of the sandy soil was extremely 
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Fig. 2 Air Photograph of Sumter Plant. 
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high, the clay subsoil was sufficiently dense so that downward water movement would be 
severely impeded. If the normal spray irrigation application rates were used, the fields 
would become flooded. 

To overcome this problem, approximately 200 acres were covered with a drainage 
system consisting of a network of perforated drainage pipes buried so that they were just 
above the clay subsoil. This improved the already good infiltration capacity of the sandy 
soil, but, most importantly, it provided a means for conducting water away from the field 
after it had passed through the 5 to 7 feet of sandy soil. 

Although most of the treatment site was quite flat, a natural depression (known locally 
as a Carolina Bay or savannah) covered part of the area. Again, adapting the system to the 
natural conditions, the savannah was converted into a pond by directing the drainage pipes 
into the depression, as shown schematically in Fig. 1. Since the savannah was a natural 
depression, very little construction was necessary to convert it into a pond. Some areas 
were regraded to eliminate uneven depths and to form uniform side slopes. An overflow- 
type pipe drain was added to maintain a 4- to 5-foot pond depth. The pond covers an area 
of roughly 45 acres. Due to physical limitations, approximately one-third of the spray 
network does not drain into the savannah, but rather into a receiving stream. Figure 2 
shows the Sumter plant and its wastewater system, including the polishing pond. 

Overland Flow Spray Irrigation 

In a unique departure from the conventional spray irrigation disposal system, the waste- 
water generated by the Paris, Texas, plant is treated by the overland flow process. This 
technique is a highly effective substitute for conventional spray irrigation when the charac- 
teristics of the soil limit the downward movement of applied water. Most of the Paris soil 
is grey clay loam overlying a red clay subsoil. The infiltration rate is on the order of 0.10 
inches per day and the runoff factor is extremely high. 

Soil of the Paris type is suitable only for grassland farming, but during the first third of 
this century, it was used for raising cotton. Improper soil management led to severe sheet 
and gully erosion and finally to the abandonment of the land sometime around 1940. When 
the land was acquired in 1960, most of the topsoil had been stripped away, much of the 
area was covered with brush and small trees, and the old erosion gullies had cut deeply into 
the red clay subsoil. Using heavy earth-moving equipment, the erosion features were 
eliminated and a network of slopes and terraces developed and planted to grass. The before 
and after pictures in Fig. 3 show how the severely eroded soil caused by the mismanaged 
cotton farming was reconstructed and rehabilitated to form uniform slopes and terraces 
for treatment purposes, thus becoming an outstanding example of soil conservation. 

The spray irrigation disposal system in Paris is one of perhaps less than a dozen overland 
flow systems in the country which have been deliberately designed and installed on an area 
of impervious soil. As shown in Fig. 4, wastewater is applied along the top of a carefully 
prepared slope and becomes purified by flowing through the vegetative litter on the soil 
surface and is collected in a collection terrace at the bottom of the slope. Since the only 
significant water loss is through evapotranspiration, it follows that this technique is ex- 
ceptionally well adapted for the collection and reuse of treated water. It is also evident that 
the overland flow method of treatment can be used in areas where an impervious soil or a 
high water table would have ruled out the possibility of conventional spray irrigation that 
normally relies upon infiltration. 
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DESCRIPTION OF THE SUMTER SYSTEM 


Pretreatment 

Figure 5 is a schematic flow diagram showing the origin of various wastewater flows 
and the methods of treatment. Blood, feathers, and offal are all handled in separate piping 
systems. The feathers and offal go through separate sets of fine -meshrotating drum screens. 
These screened effluents then combine with each other and with the floor drains from the 
general plant drainage systems. The combined effluents then pass through a coarse screening 
system and into a vacuum flotation system for the removal of grease and settleable solids. 
The liquid effluent from the vacuator passes through two rotary disc screens before dropping 
into a 50,000-gallon storage reservoir from which it is pumped via turbine pumps to the 
spray irrigation system. All solids — feathers, offal, grease and settleable solids — are trucked 
to a rendering operation for the preparation of feed. 


Defeathering Eviscerating 



Tank 

truck 


Spray Irrigation 

The wastewater distribution network in the spray irrigation system consists of buried 
asbestos-cement and plastic pipe. The 6-inch to 12-inch main lines are asbestos-cement, 
while the 4-inch to 2-inch lateral lines are PVC plastic pipe. Steel riser pipes project above 
ground from the plastic pipe and support sprinklers about 4 feet above ground. There is 
a total of over 600 sprinklers with a discharge rating of between 20 and 30 gallons per 
minute at 60 psi. There are eighty-three lateral sprinkler lines, each equipped with an auto- 
matic valve which is operated by air from a plastic air tube originating at the control center. 
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The entire spray irrigation system is fully automated, A liquid level control system in the 
50,000-gallon reservoir activates the turbine pumps as the water level in the reservoir rises. 
Figure 6 shows three automatic programmers which are connected to the pump starting 
circuits. As each pump starts, it energizes a clock timer in one of the programmers. This, 
in turn, opens the valves in the spray field that are programmed to that pump. With the 
use of an air compressor, air is pumped through plastic tubes to the valves in the field. 
To open the valves, the programmer automatically releases the air pressure to the valves. 

When a sprinkling cycle for one group of lines has been completed, the programmer 
automatically advances to a different group of sprinkler lines and so on until the lines have 
ail received their predeternuned allotment of water. The plug board with the plastic air 
tubing shown on the left provides for convenient regrouping of lines as field conditions or 
harvest schedule dictates. 


Hydraulic Effects on Groundwater* 

Although it was expected that the underdrainage pipe system would transport much of 
the wastewater away from the field and into the pond, it was uncertain as to just how effec- 
tive the transport system would be. Therefore, in 1970 and 1971, studies were conducted 
to trace the rate of the applied wastewater, and to determine the hydraufic effects that the 
spraying of large quantities of wastewater might have on the groundwater system of the 
area. 

Before the installation of any groundwater observation wells, preliminary test drillings 
were made to obtain basic information on the characteristics of the soil profile and to 
determine the depths of installation for the observation wells. The drilling samples were 


Depth 

Moisture 





sampled 

content 

Sand 

Silt 

Clay 

Drilling notes 

(FI) 

(%) 

(%) 

(%) 

(%) 


1 

6.8 

58 

12 

30 

Sandy 

2 

5.3 

60 

14 

26 

Sandy 

4 

6.9 

86 

4 

10 

Sandy 

6 

13.0 

76 

4 

20 

Sandy clay, heavier with depth 

8 

16.4 

72 

6 

22 

Heavier, harder to drill, sandy clay. 

10 

17.2 

76 

4 

20 

dark red color with mottles of 

12 

17.2 

72 

4 

24 

gray clay 

14 

16.2 

72 

4 

24 

Less clay, reddish color 

16 

18 

16.1 

15.4 

70 

76 

6 

2 

24 

22 

Lighter, less clay, reddish color 

20 

22 

14.6 

13.4 

80 

82 

2 

4 

18 

14 

More sand, more gray coloring 

24 

9.0 

92 

2 

6 


26 

11.3 

88 

2 

10 

Sand 

28 

17.0* 

94 

2 

4 

30 

22.7* 

92 

2 

6 



* Saturated in place. Some water probably lost in sampling. 


Fig, 7. Profile data for well D2 


* See Acknowledgment. 
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analyzed for moisture content, as well as for sand, silt, and clay content. The results of a 
typical drilling analysis are presented in Fig. 7, These data are similar to the average soil 
profile which was found in the original site investigation work. 

Six groundwater observation wells were installed as shown on Fig. 8. Two wells (identified 
as D1 and D2) were drilled to the permanent water table which was determined to be 32 
feet below the ground surface. One well was located 10 feet from the outer h'mit of the 
underdrainage system while the other was 110 feet away from the drainage network. Four 
shallow wells were installed to observe possible perched water table conditions. These 
wells were only about feet deep. Two of the shallow wells (SI and S2) were installed at 
the same distances from the drainage system as the two deeper wells. The other two shallow 
wells were installed between two drainage lines, one well (S3) being only 10 feet from a 
drainage line and the other (S4) half-way between two drainage lines, or about 100 feet 
from a drainage line. 



Each observation well was provided with a 3-inch PVC pipe casing tipped with a Ij inch 
by 18-inch brass screen well point. Stevens Type F water level recorders were installed and 
operated for a period of approximately one year. 

In discussing the findings of the hydraulic investigations, it should be noted that during 
the l-year study period the rainfall was about 9 inches above normal. Therefore lower, and 
possibly even higher water levels than those observed probably do occur at various times. 
The permanent water table seasonally fluctuated about 2.5 feet within a depth of between 
26 and 28 feet, and was found to be responsive quite rapidly to hea \7 rainfalls. 

During a 2-week period of plant shutdown in August, the water table was observed to 
drop approximately 0.75 feet. Following the plant start-up, the water table experienced a 
lesser but still noticeable rise. This indicates that the treatment system does contribute 
significant quantities of water to the groundwater reservoir. Continuously higher water 
level readings in well D1 versus D2 also indicate that the water table slopes towards the 
disposal field and savannah. 

The shallow observation wells showed a perched water table which is presumably due 
to the relatively tight soil zone present between 6 and 14 feet below the ground surface. 
On many occasions this perched water could not be related to precipitation and it is assumed 
to be the result of heavy applications of wastewater. 
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DESCRIPTION OF THE PARIS SYSTEM 


Physical Characteristics 

The effluent arrives at the waste-treatment building from two sources within the factory. 
The first, containing grease from the cooking area, passes through a gravity grease separator. 
It then joins the stream from the vegetable washing area and the combined flow passes 
through lO-mesh screens to remove large pieces of solids. From here the water is pumped 
to the disposal field at high pressure. 

The treatment system consists of some 30,000 feet of underground force main, 50,000 
feet of portable aluminum irrigation pipe above ground, the 180,000 feet of control tubing 
in the ground operating seventy-seven pneumatically controlled valves. There are over 700 
sprinklers in the system varying in size from 14 gal/min to 30 gal/min depending upon the 
particular treatment capabilities of the individual slopes on which they are located. The 
entire system is controlled automatically. Three clock timers similar to the Sumter system 
are connected electrically to each of five high-pressure pumps. 

Prior to initial operation, the heavy clay soil on the 500-acre tract was remolded to form 
watersheds of 2 to 10 acres each, depending upon the lay of the land and the natural water- 
courses. Each watershed is from 200 to 300 feet wide and pitched towards a collecting 
terrace at the foot of each slope. The land was then land-planed to smoothness and planted 
to water-tolerant grasses. Near the top of the slope, irrigation sprinkler lines run parallel 
to the collection terrace at the bottom. Wastewater from the factory is discharged from the 
sprinklers and flows slowly downhill in a thin sheet, becoming purified en route through 
microbiological activity. The purified water is then collected at the terrace and flows to the 
receiving stream via a prepared waterway. It has been found that the pitch of individual 
slopes should be no less than 2% and no more than 6%, Flat slopes tend to encourage 
ponding while steep slopes limit retention time and encourage erosion. 

Hydrological Aspects* 

H-type flumes were installed at the outfall of various watersheds in the Paris system and 
equipped with instruments to record the water depth. A complete water balance was ob- 
tained from the known quantity of water being applied and measurement of runoff, spray 
evaporation, evapotranspiration and deep soil percolation. The water data are believed 


Table 1. Hydrology of the overland flow treatment system 


Season 

Water applied, % 

Water accounted for. 

% 

Spray 

Rainfall 

Evaporative 

losses 

Runoff 

Deep-soil 

percolation 

Spring 

76 

24 

23 

56 

21 

Summer 

86 

14 

28 

55 

17 

Fall 

73 

27 

13 

64 

23 

Winter 

63 

37 

10 

68 

22 

Annual 

74 

26 

18 

61 

21 


* See Acknowledgment, 
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accurate to plus or minus 10%. Water balance measurements accounted for 93% of the 
total liquid applied, runoff measurements accounted for about 61 %, and the remaining 21 % 
percolated through the soil. Table 1 summarizes the hydrological data for the area studied. 


MECHANICS OF TREATMENT 


Plant Cover 

Due to the relatively heavy application rates of wastewater in both the Sumter and Paris 
systems, only water-tolerant grasses will grow in the spray irrigation areas. The grass 
serves a multi-purpose function. First, it protects the soil surface from erosion and, in the 
overland flow systems, retards the flow of water across the slope. Next, it provides a pro- 
tected habitat for microorganisms to grow and a vast surface area for adsorption of im- 
purities contained in the wastewater. Finally, when cut for hay, it is a valuable cash crop 
and provides an effective means for reclaiming nutrients which are released in soluble form 
when the organic waste material decomposes. Both the Sumter and Paris systems consist 
of Reed Canary grass. Analysis of this grass has shown the mineral content to be higher 
than normal good-quality hay and the concentrations of nitrogen — crude protein values 
ranged up to 23% — and phosphorus are nearly double their published values. Such grass, 
therefore, would appear to make an excellent food source for animals in addition to being 
a valuable method of reducing the nutrient concentration in the wastewater. 

Biological Factors 

The spray irrigation technique is dependent almost exclusively on microorganisms living 
in the soil and on the plant surfaces for the degradation of organic substances. The types 
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Fig. 9. Total Microbial Population on Control and Test lots 
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of organisms are no different from those found in local soils not under wastewater irrigation. 
However, the oxidative activity of organisms in the spray fields is far greater than those 
not under irrigation. This tends to indicate the presence of some type of seeding process 
whereby microbes specific for the wastewater develop on the treatment site. 

It has long been recognized that a spray irrigation system will continue to purify water 
when temperatures drop to near freezing. Biological studies have shown that, although the 
respiration of microorganisms decreases as temperature decreases, the number of organisms 
actually increases with falling temperatures, thereby maintaining a constant level of mass 
activity. Figure 9 shows the results of a study designed to demonstrate the changes in 
microbial population on the spray fields caused by seasonal temperature fluctuations. 


Buffering Capacity 

Spray irrigation systems generally have the outstanding capability of handling shock 
loads on the one hand and periods of long shutdown and immediate start-up on the other, 
producing excellent results in either case. In addition, wide variations in effluent character, 
such as occur during night cleanup, produce no adverse effects. This is shown in Fig. 10 
where the conductivity of the untreated wastewater fluctuates widely, but the conductivity 
of the final effluent remains fairly constant at all times. In the infiltration-type systems the 
grasses, and especially the soil, provide this high buffering capacity. In the overland flow 
systems, if a single terraced slope is accidentally overloaded or suffers a mechanical failure, 
treatment continues in the long runoff terraces and waterway before the effluent reaches the 
receiving stream. In other words, a great deal of “fail-safe” capacity is naturally built into 
the system. 


Diurnal Variation of Electrical 
Conductivity of Wastewater 

• - Spring 
o - Summer 
x-Foll 
A - Winter 


Diurnal Variation of Electrical 
Conductivity of Field Effluent 

o - Summer 
x-Foll 
• - Spring 
Winter 



6C0 


E 

o 



"O 

c 

o 

u 


r 


'j tl 3 
Time of day 


Fii;. 10 



136 


L. C. GILDE 


TREATMENT EFFICIENCY 


Sumter Plant 

The efficiency of the Sumter system has been excellent. The biochemical oxygen demand 
of the raw wastewater averages approximately 600 mg/1 while the final effiuent averages 
10 mg/1, an efficiency greater than 98 %. Since a great deal of the treated wastewater flows 
into the groundwater reservoir, the amount of water actually leaving the plant property via 
an overground route is only a fraction of the raw wastewater volume. It is estimated that 
the surface runoff to the receiving stream varies somewhere between 10 and 40% of the 
apphed flow. 

Assuming a plant discharge of 4 million gallons of wastewater per day over 200 acres, 
the treatment system receives an average of 0.8 inches per day over the entire area. During 
times of peak flowrates and grass harvesting season, certain areas have received as high as 
2 inches per day for short periods of time with no decrease in treatment efficiency. 


Paris Plant 

Like Sumter, the Paris spray irrigation system has achieved excellent results. At Paris, 
the system design was based upon an application rate of 0.25 inches per day in winter and 
0.50 inches per day in summer based upon an estimated wetted area coverage of approxi- 
mately 75 %. As it turned out, the actual wetted area was considerably less than the estimate, 
but the disposal capacity per wetted acre was much greater. The actual application rates 
amount to about 4 million gallons of wastewater per day or approximately 0.6 inches per 
day, with higher rates occurring during hay harvesting periods. 


Table 2. Treatment efficiency of the overland flow system 


Parameter 

Mean concentration, mg/1 

% removal 

Wastewater 

Section 

effluent 

Concentration 

basis 

Mass 

basis 

Total suspended solids 

263 

16 

93.5 

98.2 

Total organic carbon 

264 

23 

90.8 

— 

Biochemical oxygen demand 

616 

9 

98.5 

99.1 

Total phosphorus 

7.6 

4.3 

42.5 

61.5 

Total nitrogen 

17.4 

2.8 

83.9 

91.5 


The actual treatment efficiency of the Paris overland flow system is shown in Table 2. 
While BOD and suspended solids removal efficiencies are known to remain extremely high 
through many different variations of operating procedures, nutrient removal efficiencies, 
particularly phosphorus, however, have been found to be much more dependent upon the 
operational program of the system. It has been found that treatment efficiency can be 
improved by spreading the wastewater load over a greater fraction of the land area and by 
reducing the frequency of application. The greatest change is found in phosphorus removal, 
which can be increased to up to 88 % by changing from the normal one-per-day application 
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to a three-per-wcck schedule. The figures in Table 2 are yearly averages based on a once- 
per-day application rate. 


SUMMARY 

As the value of our land and waterways becomes of ever-increasing importance, it is 
necessary to construct wastewater treatment systems that will not further impair the quality 
of the environment. While trying to attain this goal, Campbell Soup Company has adopted 
a policy of always attempting to adapt its waste-treatment systems to the natural surround- 
ings. Campbell’s plants at Sumter, South Carolina, and Paris, Texas, have accomplished 
all of the above and more. Although the treated wastewater which leaves the plant properties 
is of an exceptionally high quality, the waste-treatment systems have provided benefits 
other than just upholding the existing quality of the receiving streams. They have become 
good soil-conservation systems in that they have provided a nutrient-rich environment for 
the soils and grasses to utilize. The thick growth of grasses on the irrigation fields has also 
prevented a great deal of soil erosion from occurring. Finally, the irrigation fields have 
improved the general aesthetic characteristics of the land itself. The polishing pond at 
Sumter, in particular, has become a “natural” habitat for a wide variety of birds, fish, and 
other wildlife, an excellent example of a wastewater-treatment system that actually en- 
hances rather than degrades the environment. 

The spray irrigation technique of wastewater disposal is now being used widely through- 
out the food-processing industry. Most of these installations achieve a high degree of water 
purification, but the use of this technique is usually limited to soil areas with high infiltration 
capacity and thus, the purified water is usually lost to the original user. The system at Paris, 
Texas, is a notable departure from the usual spray irrigation concept since it employs the 
overland flow technique whereby water is applied to impervious soil and the purified 
effluent is collected at the foot of a vegetative slope. Thus, consideration can be given to 
the collection and reuse of water from such a system. 

No attempt has been made to assess all the technology for reducing water pollutants and 
their cfiects. Our own experience indicates more attention should be focused on the land 
and its proper management. We concur with Professor Hinrich Bohn’s very succinct letter 
to the Environment Editor of the Saturday Review, May 2, 1970. 

Soils have an enormous and as yet undcrexploitcd capacity to absorb pollutants and convert them 
into plant nutrients or innocuous substances. The amount of natural plant and animal wastes now 
decomposed by soil is far less than its potential capacity. Soil pollution has meaning only with regard 
to radionuclides, pesticides, and excess salts, and even they, with the exception of salts, are far less 
harmful in soil than in the atmosphere, rivers, and oceans. 

Pollution occurs when svaters and the atmosphere are the final site (sink) of pollutants, or when they 
convey pollutants to a sink. The soil is an ideal pollutant sink, because it is far more reactive and has 
a greater pollutant capacity than waters or the atmosphere. . . . Organic matter would be oxidized to 
carbon dioxide or converted to humic matter, phosphates would be held avidly by the soil, and nitrates 
would be absorbed or denitrified by plants and soil microorganisms. High-quality water would be 
produced and would be available for reuse. At present, we waste our sewage water by dumping it 
into the sea and polluting it with salt. 

An obsession to move our wastes as fast and as far away as possible has led us to use air and water 
as pollutant sinks and conveyors, and therefore caused pollution. Using the soil as our pollutant sink, 
we can live with our wastes and even profit by them. 

It appears that we have barely tapped our greatest resource for pollution control and 
abatement — perhaps we should get back to nature and the land. 
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DISCUSSION 


SHELDON: I wonder if there are any speakers on the topic of the recycling of solid wastes, sludge, 
wastewaters and so forth, who would like to comment on the question would recycling, taken to its extreme, 
ever be able to have a major impact on the other system of fertilizing in the U.S. which is essentially apply- 
ing chemical fertilizer with all of the had effects. 

WALKER: I might comment. We made a calculation concerning the potential use of dewatered sewage 
sludge on land. If you used all that is produced in the United States it would only apply about 1 % of the 
total nitrogen needs, about 2% of the phosphorus needs, and about 0.2% of the potassium needs. So use 
of this form of sludge would not have a very great total impact on fertilizer use in the United States. 

SHELDON: But does that have to do with all the fertilizers? 

WALKER: Those calculations had nothing to do with domestic animal wastes. I was speaking only of 
municipal waste. 

SHELDON: But don’t some animal wastes in dairies very close to cities get into the system and become 
part of the sludge? 

WALKER: They’re not supposed to. 

PARIZEK: A point of clarification. That’s the sludge, not the effluent? 

WALKER: That’s right. 

PARIZEK: We have many thousands of acres of land under irrigation in some parts of the United 
States, where the nutrient load is in fact being obtained from the sewage effluent. I think then the figure 
could be increased. I’m not sure what it would be on a national average. But some major metropolitan 
areas are being carefully studied for land disposal involving millions of gallons of water a day. The Mus- 
keegan, Michigan, project is in the 30 million gallons of water a day range, which is a very vast project. 
It’s in its first year of operation this summer. Its crop projection may return roughly one million dollars 
this year. Its first year in full operation. This will increase as the efficiency of the system gets worked out. 
We do have some big examples underway. 

SHELDON : One would hope that it would be possible to establish a complete cycle of using sludges and 
wastes by returning them to the field, and if this was done completely you would establish a long-term, 
steady state in the place of the present system which is not a steady state. Am I to understand that this is 
kind of a pipe dream or not? 

’VECCHIOLI: I wanted to add a little to the comment on the previous question. There are also projects 
in which ammonia is being removed from wastewater by cation exchange techniques and fertilizers are 
generated as by-products. So here we’re utilizing the nitrogen even though we are first treating the waste- 
water through sanitary engineering techniques and then developing a fertilizer. A major problem, Dick, 
using Long Island as an example, is that most of the wastewater is generated in an area which is at least 
50 to 75 miles away from what little farm land remains adjoining that part of the New York megalopolis. 
One would have to provide extensive pipelines to convey the water collected in the urban areas to nearby 
agricultural lands to be able to utilize the nutrient material in the wastewater. 
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Abstract, The eflfects of digested sewage-sludge application on the chemical composition of soil, 
plant and water samples from sludge amended farm and strip-mined lands are discussed. Specific 
hygienic aspects of digested sludge were also investigated and it was found that viruses are not 
likely to survive the heated anaerobic digestor environment and, although freshly digested sludge 
contains large populations of fecal coliform bacteria, these organisms die away rather rapidly 
durmg storage and after spreading on the soil as a surficial application of sludge. Results from these 
studies indicate that several crop plants show favorable growth responses when fertilized with 
digested sludge. With increasingly greater sludge applications, concentration levels of several 
chemical elements in soils are correspondingly increased above native amounts and their levels are 
also increased in plant tissues. The first limiting factor in determining digested sludge application 
rates on crop lands is its N content. As long as digested sludge application rates do not exceed 
those which will result in unacceptable concentration levels of NO3-N in drainage or ground 
waters, sludge of the quality employed in this study can be safely used to increase the production of 
good-quality crops. If digested sludge is continuously applied on land at rates which supply N in 
amounts which greatly exceed the plants’ capacity to utilize it, soluble P and some of the more 
soluble heavy metal constituents of sludge may eventually adversely effect the growth of crops or 
result in the accumulation of some chemical element in crop tissues. Studies are in progress to 
determine the fate of several selected chemical elements added to cropped soils as constituents of 
the digested sludge which has been applied annually at various rates since 1968. The results from 
these several studies show that P, Cu, Ni, Zn, and Cd should be given special consideration with 
regard to monitoring their accumulation in soils, absorption by crops, and transport in percolating 
water when digested sludge is used as a soil amendment. Following single heavy applications of 
digested sewage sludge, the agronomic properties of strip-mined acid soils were found to improve 
considerably, to the extent that this procedure is now being used on a large scale to revegetate 
these acid soils. 


INTRODUCTION 

The disposal of the solid residues resulting from wastewater treatment has traditionally 
been the most difficult problem facing municipally owned wastewater-treatment facilities. 
Today, sufficient technology exists to economically resolve most wastewater-treatment 
problems, but the true solution to the ultimate disposal of residual wastewater-treatment 
solids (sludge) remains a challenging and perplexing problem. 

* Director. 

t General Superintendent. 
t Soil Scientist. 
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Municipal Sludge Production 

There is no precise national inventory of the quantities of municipal sludges produced 
in the United States although there are some estimates available. These estimates are based 
primarily on domestic population, and the typical amounts of sludge generated per capita. 
These estimates do not include the quantities of sludges resulting from the discharge of 
industrial wastewaters in municipal systems. 

Dean (1973) has estimated that wastewaters from the national population of 200 million 
results in 20,000 tons/day of sludges. 

Fuhrman (1973) has estimated that the actual national quantity of sludge in 1972 is 
approximately 3.6 million tons/year (or about 10,000 tons/day). This estimate is lower 
because it is based on only the sewered population and includes the effect of process varia- 
tions such as digestion and incineration. By 1990, he estimates that the quantity of sludge 
will increase to 4.7 million tons/year (or about 13,000 tons/day). These estimates do not 
include industrial users of municipal plants. The authors believe that both these estimates 
are low. For example, the Metropolitan Sanitary District of Greater Chicago (MSDGC) 
produces approximately 700 dry tons of sludge solids per day for ultimate disposal from a 
population of 5.5 million people plus the industrial contribution. This rate of sludge pro- 
duction translates to about 25,500 tons/day or 9.3 million tons per year for a population 
of 200 milhon. It is clear from these estimates that by 1990 the municipal sludge production 
in the United States could range from approximately 5.0 to 11.5 million tons per year, 
assuming a United States population of 246* million by 1990. 

Regardless of which estimate is accepted, it is evident that the problem of ultimate 
sludge disposal is not decreasing but rather increasing. 


Ultimate Sludge Disposal Alternates 

Basically, there are only four discrete methods of ultimate sludge disposal practically 
available today. These are: 

1. land spreading, 

2. incineration, 

3. ocean disposal, and 

4. land fill (containment). 

Naturally, there are many combinations and variations to the above general concepts, 
but for the purposes here, only these four basic modes will be discussed. 


Incineration 

Incineration essentially involves the combustion of the organics contained in sludge. 
Normally, this means that approximately 30-35 % (dry weight) of the sludge remains in 
the form of ash which must be disposed of. The primary advantage claimed for incineration 
is that it reduces the volume of the material for disposal. However, the process requires 
much energy in order to bum the high-water content sludge while the fertilizer value of 
the sludge is simultaneously destroyed. The process also incurs sigmficant costs for sludge 


* U.S. Census Bureau estimate. 
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dewatering, and the ash does require a land-disposal site. The incineration process also 
releases significant quantities of pollutants to the air including volatilized metals. Air- 
pollution-control technology for removal of metals is expensive and is not likely to meet 
the emerging governmental regulations. For the Metropolitan Sanitary District of Greater 
Chicago, incineration is estimated to cost from $90 to $100 per dry ton of sewage-sludge 
soh'ds e.xcluding any costs for removal of metals from stack gases. 

The current fuel shortage has cast an additional gloomy shadow on sludge disposal by 
incineration. The steadily increasing cost and decreasing availability of gas and oil will 
affect the desirability if not the feasibility and practicality of this process in the foreseeable 
future. 

Table 1 presents some data on auxiliary fuel consumption in seven cities Olexsey et al. 
(1974). The weighted average consumption of number 2 fuel oil necessary to burn 1 ton 
of dry solids is 51.6 gallons. If this figure is rounded to 50 gallons per ton nationwide and 
one assumes that the practice of sludge incineration were adopted nationally, then the U.S. 
would require at least 900 million gallons of crude oil per year. In 1972 the nation was 
consuming only about 135,000 gallons per day (Olexsey and Farrell, 1974). Clearly, unless 
alternative methods for sludge disposal are available to municipalities, sludge incineration 
will be at variance with the long-term fuel conservation goals of the nation, regardless of 
the accuracy of the above estimate. 


T/VBLE 1. Auxiliary fuel consumption for sludge 
incineration in cities during 1972 


City 

Sludge 
production 
(dry tons/day) 

Fuel/dry tons of solids* 

Jersey City, N.J. 

15 

28 

Providence, R.I. 

30 

28 

Tonawanda, N.Y. 

6 

17 

Rochester, N.Y. 

17 

42 

Hartford, Conn. 

25 

160 

St. Louis, Mo. 

55 

22 

St. Paul, Minn. 

275 

45 


* Gallons of no. 2 oil. 


In addition to the energy required to incinerate sludge, one must also consider the fact 
that incineration destroys the nitrogen and other agronomic nutrients contained in the 
sludge. This nitrogen must be replaced and, of course, it takes energy to make the required 
inorganic fertilizer for replacement. For example, the replacement of 1 ton of nitrogen 
fertilizer requires 917 gallons of crude oil. Clearly if we can recycle the nitrogen content 
of sludge, we can reduce the amount of energy required for fertilizer manufacture and the 
corresponding cost of food production. 


Ocean Disposal 

Ocean disposal offers, to coastal cities, a readily available ultimate sink for sludge. This 
had been practiced by many U.S. cities including Los Angeles and New York. However, 
this means of disposal is not available to most inland U.S. cities and has many disadvant- 
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ages. Any nutrient value contained in the sludge is wasted while the organics present tend 
to deplete the dissolved oxygen of the disposal site. Such disposal could significantly affect 
coastal fishing areas as well as reduce ocean bathing areas. This method of disposal has 
come under increased governmental scrutiny and may soon be severely restricted. Costs 
are very low for this process and include only transportation costs although some cities 
are beginning to digest their sludge prior to ocean disposal. 


Land-fill Operations 

Land-fill operations are practiced by many cities and included under this general term 
is sludge lagooning. Land-fill operations waste the organic content of sludge while con- 
siderable expense is involved in sludge dewatering either for lagoon decanting operations 
or prior to land-fill operations. Disposal sites often are useless for other purposes following 
land fill and some are never returned to the tax rolls. Few sites can be used for 20 to 30 
years after being land filled with municipal sludges. Oftentimes, such sites produce methane 
gas which could cause potentially dangerous situadon for other land uses. 


Land Spreading 

Land spreading of sludge has become a method which is being increasingly considered 
by many municipalities in the U.S. It offers the advantage of recycling nutrients back to 
the land at very low cost and of reclaiming lands bespoiled by strip mining (Hinesly et al, 
1971; Dalton and Murphy, 1972; Kudrna and Kelly, 1973; Peterson and Gschwind, 1973; 
Hinesly et al, 1972; Conforth, 1972). Sludge is first stabilized by anaerobic digestion or 
other suitable means before application on land. Such stabilization eliminates obnoxious 
odors and fly problems. Yield of grain and forage crops are increased by the nutrients and 
water supplied by irrigating with digested sludge. Digested sludge organic matter accumu- 
lates in and imparts favorable characteristics to soils because of its normally high humus 
content. The process of land spreading of sludge affords the opportunity for urban areas 
to recycle the fertilizer value of sludge to the farming areas from which much of the organic 
materials and nutrients originate. With the current shortage of fuels, and the high require- 
ments for inorganic fertilizer production, this offers a ready opportunity to reduce the 
energy requirements of the agricultural sector. Also, since many municipalities can offer 
their sludge at practically no cost to the farmer, a significant cost savings is effected. 

The District estimates that the concept of land reclamation costs approximately $36 per 
dry ton and that it is the most economical and environmentally acceptable alternative 
available consistent with the concept of returning the available nutrients back to the land. 


Current U.S, Practices in Sludge Utilization or Disposal 

The Federal EPA Municipal Inventory shows the following current practices for sludge 
use or disposal throughout the U.S.; 


Incineration 

35% 

Ocean disposal 

15% 

Land 

50% 
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The “land” category includes both land-fill and land spreading procedures but presents 
no further quantitative breakdown. 

The U.S. EPA Construction Grants Program for 1973 shows the following distribution 
of sludge use or disposal (EPA, 1973): 


Incineration 

13% 

Ocean disposal 

3% 

Land 

84% 


Again, there is no quantitative breakout on the “land” category. 


SLUDGE RECYCLE TO LAND 

The solid materials which have been removed from municipal wastewater are considered 
by the District as a resource which has beneficial uses and which must be recycled rather 
than a waste product to be discarded. This concept is not new since it is presently being used 
on a relatively small scale nationally and on a larger scale internationally. What is new is 
the application of this natural system to an urbanized region of approximately 6 million 
people. 

Utilizing solids is the only known method of returm'ng organic materials to their natural 
cycle. Digested sewage sludge, the by-product of treated municipal wastewater can; 

1. enhance production of crops on presently productive soil, 

2. be used to reclaim substandard arid land, and 

3. eliminate air and water pollution problems caused by other methods of ultimate 
sludge disposal. 


Operational Criteria 

The above features of a digested sludge-recycle program incorporate all the criteria 
established by the governing board of the MSDGC to be met by any long-term ultimate 
sludge disposal scheme, namely: 

1. It should not contribute to any environmental pollution (air or water). 

2. It should conserve the organic matter for beneficial uses. 

3. It should be economical. 

4. It should be permanent, i.e. it should complete the natural cycle. 


Agronomic Values of Digested Sludge 

Heated anaerobically digested sludge is outstanding in its ability to increase the humus 
content of soils. For example, in 1941 a study was initiated at the Rothamsted Experiment 
Station in England to compare the effects of four types of organic manures with inorganic 
N fertilizers on market-garden crops (Mann and Patterson, 1962). The organic manures 
were farmyard manure, digested sewage sludge, a compost of straw and sewage sludge. 
Each of the organic manures was applied at the rate of 33.8-67.5 t/ha per year. After 9 
years, N in the top 22.9 cm of soil was 0.088 % where inorganic N, the familiar fertilizer 
source, had been applied as compared to a value of 0.089 for control plots. At application 
rates of 33.8 to 67.5 t/ha per year of digested sludge, the N > “ ''’rface was 
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ment plants have been used in the research conducted (since 1967) by members of the 
Agronomy Department, University of Illinois. 


Table 2. Composition of anaerobically digested 
sewage sludges from MSD of Chicago, Calumet and 
Stickney treatment plants 
Samples obtained during 1971 
(Calumet late in year) 


Mean (wet weight) 


Element 

Calumet 

Stickney 

Cd ppm 

3.0 

14.0 

Mn ppm 

8.0 

18.0 

Ni ppm 

3.0 

15.0 

Zn ppm 

83.0 

223.0 

Cu ppm 

16.0 

67.0 

Cr ppm 

26.0 

194.0 

Fe ppm 

726.0 

2100.0 

Pb ppm 

16.0 

75.0 

Hg ppm 

0.063 

0.275 

Na ppm 

98.0 

131.0 

P ppm 

757.0 

1141.0 

Ca ppm 

963.0 

1289.0 

Mg ppm 

180.0 

484.0 

K ppm 

195.0 

390.0 

N % 

0.09 

0.156 

% Solid 

2.05 

4.36 

% Volatile 

58.0 

48.0 


Anaerobically digested sludge, as it comes from digesters, contains 3-5 % solids as finely 
divided and dispersed particles. It looks like crude oil and has an odor which many people 
describe as earthy or tarry. It can be easily transferred by pipes using ordinary pumping 
techniques and equipment. 


Microbiological Properties of Digested Sludge 

Although no incidence of disease is known to have been traced to the use of digested 
sludge as a fertilizer or soil amendment, it is still one of the greatest sources of concern for 
many. From a rather extensive literature survey, it appears that most of the intestinal 
pathogenic bacteria are either destroyed or their populations are reduced to very low levels 
by heated anaerobic digestion of sewage solids. Results from several studies indicate that 
the pathogenic organisms of tubercle bacillus. Taenia sabinata, Ascaris lumbricoides, and 
hookworm are not destroyed as rapidly in a heated anaerobic digester as are the commonly 
used pathogenic indicator organisms, Escherichia coil or fecal coliforms. 

One of the most crucial questions which could not be answered from a search of the 
literature was that of the fate of viruses during the anaerobic digestion of sewage solids. 
Even if viruses were not recovered from digested sludge, one could not be sure that they 
were not present in an adsorbed phase on the solids. To answer the question regarding the 
survival of viruses in the heated anaerobic digester environment, we initiated some labora- 
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tory studies using a swine enterovirus (ECPO-1) which has bio-physical properties similar 
to human enteric viruses. After gas production had stabilized in six laboratory scale 
digesters fed with a mixture of primary and waste-activated sludge, they were inoculated 
with lOVml of plaque forming units of the swine virus. After inoculation, 20 ml of fluid 
were periodically withdrawn from the digesters and mixed with milk and fed to germ-free 
piglets. The feces from the piglets were then collected and assayed for the viable virus. The 
viruses were not found in the feces of piglets fed sludge material which had been inoculated 
and digested for a period of time of 5 days or longer (Meyer et al, 1971). It thus appears 
that a 14- or 15-day heated anaerobic digestion period would provide a considerable margin 
of safety with regard to the destruction of viruses. 

As Berg (1966) suggested, perhaps the simplest method for reducing viruses and other 
pathogen organisms in sewage is by long storage of the material. From laboratory studies, 
Berg (1966) determined the time in days required for a 99.9% reduction in the number of 
viruses and bacteria by storage at different temperatures. The die-away data presented in 
his Table 5 are exhibited here as Table 3. On the basis of these and other data, it appears 
that an additional margin of safety against pathogenic contamination of the environment 
could be achieved by holding digested sludge in reservoirs for a minimum period of 2 
months before it is applied on land. 


Table 3. Effects of storage: laboratory study demon- 
strating days required for 99.9 % reduction of viruses 
and bacteria in sewage (Berg, 1966) 


Organism 

No. of days 
Temperature, °< 


4° 

20" 

28" 

Poliovirus 1 

no 

23 

17 

Echovirus 7 

130 

41 

28 

Echovirus 12 

60 

32 

20 

Coxsackievirus A9 

12 

— 

6 

Aerobacter aerogenes 

56 

21 

10 

Escherichia coli 

48 

20 

12 

Streptococcus faecalis 

48 

26 

14 


Very little work has been reported on the inactivation of viruses during the anaerobic 
digestion of sewage sludges. However, at the MSDGC, the inactivation rates of the coli- 
phage MS-2 and of four human enteric viruses (poUovirus type 1, coxsackievirus type A-9, 
coxsackievirus type B-4 and echovirus type 11) were determined and compared, using 
laboratory scale anaerobic digesters seeded with these viruses Bertucci et al. (1973, 1974). 
The sludge was obtained from the West-Southwest Treatment Plant and the operating 
parameters of the laboratory digesters were the same as those of the full-scale plant. 

The results of this study show that: 

1. Poliovirus type 1 titers were inactivated an average of 93.8 % in 24 hours and 98.5 % 
in 48 hours. 

2. Coxsackievirus Type A-9 was inactivated an average of 97.5% in 24 hours and 
99.7 % in 48 hours. 
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3. Coxsackievirus Type B-4 was inactivated an average of 89.5% in 24 hours and 
98.6 % in 48 hours. 

4. Echovirus Type 11 was inactivated an average of 58.0% in 24 hours and 92.5% in 
48 hours. 

5. For the MS-2 coliphage there was 87.7-96.3% inactivation after 24 hours, and 
99-99.6% inactivation after 48 hours. 

As indicated in this study, anaerobic digestion results in rapid and significant virus in- 
activation. Projecting from the survival or inactivation curves, the D values (90 % reduction 
times) are of the order of 1 day (Bertucci et ah, 1973, 1974). With the District’s average 
digester retention time of 14 days, there seems little likeUhood that significant quantities of 
viruses can survive the anaerobic digestion process and subsequent handling of the sludge 
which includes shipment (2-3 days) and lagooning for several months, prior to its applica- 
tion on land. 

After sludge is applied on the soil surface, die-away of many pathogenic organisms will 
occur rapidly as seen from the data in Table 4. The rapidity with which fecal coliform die- 
away occurs after digested sludge is applied on soil surfaces can be discerned in Table 4. 


Table 4. Disappearance of fecal coliforms in a 
sludge cake covering a soil surface 
(Unpublished data, Agron. Dept., University of Illinois) 


Days after sludge 
application 

No. of fecal coliforms per gram 
sludge cake (dry weight) 

1 

3,680,000 

2 

655,000 

3 

590,000 

5 

45,000 

7 

30,000 

12 

700 


Furthermore, it has generally been concluded that wastewaters percolating through un- 
saturated soil materials are purged of pathogenic organisms within the 1.5-m depth Butler 
et al. (1954). If this is true for wastewater applications, one would expect it to be applicable 
in the case of sludge utilization. Since sludge solids are rapidly filtered and clog the surface 
of soils, the rate of water infiltration during sludge applications is exceedingly low in com- 
parison to that from wastewater applications. Therefore, frequent applications of sludge 
can be made only when the evapotranspiration potential is relatively high. That is to say, 
sludge is most likely to be applied on agricultural lands during the late spring, summer, 
and early fall seasons when evapotranspirational potentials generally exceed actual soil 
moisture losses. For the most part, sludge will be applied when ambient temperatures favor 
a rapid die-away of bacterial and viral pathogenic organisms. 

Like many of the potential chemical water pollutants, lateral movement of pathogenic 
organisms which might survive the digestion and storage period can occur only if excessive 
soil-erosion processes are permitted to operate on the sludge-utilization site. Thus, patho- 
genic pollution of surface waters can be avoided by the same structural and management 
practices recommended for the conservation of soil and water. 

TP AM — ^VOL. 1 — F* 
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Land Requirements 

If all municipal wastewaters generated in the continental United States were given 
secondary treatment and the resulting solids stabilized for utilization as a fertilizer and soil 
amendment, about 9.0 to 10.5 million metric tons of solids would be available each year. 
The utilization of the solids in amounts just sufficient to meet the needs of nonleguminous 
crops for supplemental N would require an annual application of about 22.5-33.7 t/ha. 
Thus, not more than 0.4 million hectares of land would be required at any time to 
utilize the total continental United States production of sludge solids. Only enough sludge 
solids would be available to treat sh'ghtly more than 0.2% of the 188 million hectares of 
cropland or slightly less than 0.06% of the total 771 million hectares contained in the 
continental United States. However, because of its potential as a source of sorely needed 
stable organic matter, municipal sludge exhibits its greatest value as a resource when used 
as an amendment for the reclamation of surface-mined lands. Since over 0.2 million hectares 
of land strip-mined for coal prior to 1964 already exist in various states of devastation, 
while another 0.2 million hectares have been or will be stripped during the 20-year period 
from 1964 to 1984, there is no scarcity of land which needs the nutrients and organic 
matter supplied in sludge. About 30 % of the country’s population is within economical 
sludge pumping distances to land that has been strip-mined for coal in Illinois, Indiana, 
Kentucky, Ohio, West Virginia, and Pennsylvania. 

Those who express concern about the contamination of soils with constituents of muni- 
cipal sludges probably are not aware of the relatively small amount of land needed. Con- 
fusion often exists between land requirements for sewage-effluent disposal or renovation 
and that needed for solids utilization. 


Criteria for Selection of Sludge-utilization Sites 

In utilizing digested sludge as a soil amendment and fertilizer, the following criteria for 
site selection are recommended, (a) The site should be located where utilization of the 
sludge offers maximum benefits to the local agricultural economy, consistent with reason- 
able costs to the particular sanitary district. The local populace must be able to weigh the 
benefits to be realized from the sludge-utilization program against the assumed or real 
stigma attached to an area that becomes the receptor of waste from a large municipality. 
People living in areas devastated by surface mining activities readily recognize the benefits 
to be realized by utilization of digested sludge to reclaim land, (b) To ensure that sludge 
applications are made under uniformly controlled conditions, the land must be susceptible 
to purchase or long-term lease by the sanitary district, (c) To minimize sludge distribution 
cost, all lands in the site should be contiguous, at least to the extent that the disturbance to 
existing residents is minimal. Surface-mined lands offer the best possibilities for obtaining 
large, contiguous acreage. There is little or no disturbance of existing residents, because 
this occurred during the stripping process. It is envisioned that much of the land will be 
repopulated with farm operators as the land is reclaimed to a high state of productivity, 
(d) Soil depths should not be less than 1.83 m to permeable bedrock. Water tables should 
be capable of being maintained to average depths of at least 1.83 m from the soil surface. 
Such mim'mum soil depths, with good management practices, will provide protection from 
ground water pollution, (e) Land slopes should not be so steep as to prohibit the establish- 
ment of water management and erosion-control structures at a reasonable cost. Slopes up 



DIGESTED SLUDGE RECYCLE TO LAND 


151 


to 18 % may be acceptable with “push-up” terraces where permanently vegetated or sodded 
back slopes can be established. Unconsolidated geological materials must be sufficiently 
deep to bedrock in the borrow area so that after terrace construction a minimum 1.83 m 
depth to bedrock is maintained. 


Loading Rates 

When applied to cropland at the rate of 5 cm/ha, it will supply all of the major essential 
nutrients, including: 224-392 kg/ha of NHj-N; about the same amount of organic N, 
some of which will be slowly released in a form available to crops; 280-504 kg of P, of 
which about 80% is in organic matter; and 45-90 kg of K. Sulfur will also be supplied in 
amounts adequate for crops. The amounts of Ca and Mg supplied will exceed the average 
annual losses of these elements by leaching in humid regions. 

High application rates of digested sludge on cropland can cause obvious NO 3 problems. 
To determine maximum sludge-loading rates on soils, total and soluble nitrogen contents 
must be known. The soluble N in anaerobically digested sludge is in the NH4-N form, 
but under proper soil aerobic and temperature conditions it is rapidly converted to mobile 
NO3-N. 

Thus, the loading rate of sludge on cropland is limited by the amount of soluble N plus 
an annual mineralization of the organic N supplied by sludge applications. If loading rates 
are based on the amount of N furnished to meet crop needs and losses by volatilization, 
soluble P applications will also be at low enough levels that P will not present a eutrophi- 
cation threat to water supplies. When sludge-loading rates are based on safe N application 
rates, the capacity of most soils other than sands to inactivate P by adsorption and con- 
version to sparingly soluble precipitates or compounds is great enough to maintain P levels 
in drainage water to less than 1 ppm. 

When the main objective is land reclamation, sludge-loading rates may be considerably 
greater because disturbed lands generally have small or nonexistent organic N reservoirs. 
The amelioratory effect of organic matter on the physical properties of soil materials may 
make it desirable to increase sludge-loading rates on marginal or severely disturbed lands 
above those recommended for productive agricultural lands. However, as the highly 
stabilized sludge organic matter accumulates in soils with succeeding applications, the 
slow mineralization of organic N must be taken into account to prevent losses of NO 3 -N 
to water supplies, within or adjacent to the treated areas. 

Many toxic and nontoxic organic waste materials occurring as constituents of sludge 
arise as discharges from industrial processes, such as the chemical production of textiles, 
plastics, pharmaceuticals, detergents, and pesticides. After a period of microbial acclima- 
tion, some organic toxic substances, such as phenols and formaldehyde, can be almost 
completely removed from wastewater by biological treatment, even though at sufficiently 
high concentrations they are bactericidal Jackson et al. (1970). Others, which are non- 
biodegradable under aerobic conditions, may be removed from effiuent with or by absorp- 
tion on sludge sediments and later biologically degraded during anaerobic digestion of the 
solids. Of all the organic materials, polychlorinated biphenyls (PCB’s) have been of greatest 
concern to those involved with municipal waste utilization. Many sludges contain 1-4 ppm 
or more, and like other chlorinated hydrocarbons, PCB’s are only very slowly degraded by 
microorganisms. Where we have applied 105 metric tons of digested sludge a small increased 
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concentration of PCB’s was found in the soil, but they were not taken up in detect 
concentrations in soybean and corn plant tissues. Since bacteria are the first group of 
microorganisms to be decreased by abnormally high concentrations of chlorinated hy 
carbons, we have made total counts from soil samples collected from plots which 1 
been treated with up to 124 metric tons of sludge over a period of 4 years. Total bad 
populations were found to be higher in soils treated with sludge. The positive correla 
between total bacteria and amounts of applied sludge was highly significant. It app 
that sludge applications have modified the soil environment in a manner that favors 
maintenance of a highly active population of bacteria resulting in a greater rate of pesti 
degradation than might be e.xpected in soils not treated with sludge. 


SOIL AND CROP RESPONSES TO SLUDGE APPLICATION ON LAND 

Cities as large as Paris, Berlin, and Melbourne have operated “sewage farms” to disf 
of sewage and sludge for several decades. Rohde (1962), however, has claimed that the s 
at the sewage farms operated by Paris and Berlin have become exhausted due to I 
accumulated levels of Zn and Cu. Leeper (1974) reviewed Rohde’s work and that of Tro 
et al. (1950) who reported on manganese deficiency in vegetables at the Paris farm, i 
reinterpreted their data. According to Leeper, the problem at the Paris farm was not 
and Cu phytotoxicity but rather Zn deficiency which Trocne ei al. reported had occur 
around Paris before 1925. 

Melbourne has operated a sewage farm since 1897 at Werribee, Australia. Johnson ei 
(1974) analyzed tissue from selected sites on the farm and concluded that in regard 
food chain effects, forage contained neither e.xccssive nor deficient amounts of trace i 
ments. These results are very significant for helping determine the long-term effects 
sludge application or recycle to land. 

The Metropolitan Sanitary District of Greater Chicago adopted the concept of slut 
recycle to land in 1966 and proceeded to develop experimental corn plots from a ^ 
hectare (7-acre) field at its Hanover Park Wastewater Reclamation Plant in 1968 to del 
mine the environmental effects of sludge application to land. The original experimer 
design was a randomized block with five replications and three sludge loading rates oi 
6, and 12 mm of sludge/week. Sludge was applied at weekly intervals in furrows betwi 
the growing corn rows. Soil and corn leaf samples were taken annually and analyzed 
various chemical or physical-chemical characteristics. In 1973 corn grain was also analyz 
Groundwater and surface drainage water were sampled weekly and analyzed for chemi 
and fecal coliform content. This section presents the results through 1973 which inclui 
6 years of sludge application. 


Hanover Park Experimental Corn Plots 

In 1968 a 2.8-hectare field south of the Hanover Park Wastewater Treatment Plant v 
selected for development of experimental corn plots for sludge fertilization. In order 
grade plots for furrow irrigation, the topsoil was stripped, the subsoil graded to desii 
slope, and the topsoil was replaced. The soil has been characterized as a disturbed Drumn 
silty clay loam with poor natural drainage. The original experimental design was a n 
domized block with five replications having grades of 0.5, 1.5, and 2.5%. 
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Four monitoring wells approximately 6 m in depth were placed at the corners of the 
field plots for sampling groundwater leachate. A single-tile drain bisects the field of plots 
draining from south to north. This tile was overlain with gravel. These plots are shown in 
Fig. 1. 

Hanovtr W.R.P. 


Filtrate DiecharQS To Lagooa 



Fig. 1. Liquid digested sewage sludge utilization on land Hanover W.R.P. research site 


Methods 

The monitoring wells and field tile drain were sampled weekly. These were analyzed 
according to Standard Methods for the Examination of Water and Wastewater, 13th edition 
(1971). 

Soil samples were taken in spring and were composites of twenty cores, 0-15 cm deep. 
The samples were air dried and then analyzed for pH (Peech, 1965) and electrical conduc- 
tivity (Bower and Wilcox, 1965); 1/3 bar moisture content (Richards, 1965), organic carbon 
content (Allison, 1965), cation-exchange capacity and exchangeable K, Na, Ca, Mg (Chap- 
man, 1975), and 0.1 N HCl extractable Zn, Cd, Cu, Cr, Fe, Ni, Pb, Mn, and A1 (1 : 10 soil 
to 0.1 N HCl solution). 

The corn leaf opposite the ear was collected at the tasseling stage each year. These 
samples were immediately washed with distilled water, dried in a forced air drying oven 
at 60°C, ground in a Wiley mill, and analyzed for trace metal content. Trace metals were 
determined by dry ashing plant tissue at 450°C, taking up the ash in the 0.1 N HCl, and 
analysis by atomic absorption. 

Corn grain analysis for trace metal content began with the 1973 corn crop. Grain sub- 
samples were taken during corn yield determinations. Grain was dry ashed at 450°C, taken 
up in 0.1 N HCl, and analyzed by atomic absorption spectroscopy. 

Each spring the plots were plowed and harrowed. Ridges and furrows were formed 
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parallel to field slope. Sludge was applied from gated irrigation pipes at the upper end of 
the plots and allowed to flow down the furrows. 

The plots have been fertilized with sludge every year beginning in 1968, Sludge applica- 
tion has not been replicated according to the original design. Most of the sludge applied 
came directly from heated anaerobic digesters at the Hanover Sewage Plant. On a few 
instances, lagooned digested sludge was also applied. The average analysis for digester 
sludge applied each year is presented in Table 5, 


Table 5. Average annual chemical content of the liquid digested sludge applied 
to the Hanover Park experimental corn plots from 1969 through 1973. These 
plots have received liquid sludge from 1968 through 1973 


Year 



1969 

1970 

1971 

1972 

1973 

ph 

7.2-8. 1 

6.8-8.4 

7.1-7.9 

6.8-7.7 

7. 1-7.6 

Total solids aS) % 

3.92 

4.41 

3.13 

5.74 

3.40 

Vol. solids %ofTS 

41.1 

40.8 

49.9 

% dry basis 

32.5 

46.6 

Total P 

3.45 

1.60 

2.72 

1.06 

1.42 

Total N 

5.6 

5.39 

4^29 

2.63 

4.61 

NH,-N 

3.7 

4.04 

2.38 

1.52 

2.44 

Cl 

— 

0.12 

— 

0.28 

0.77 

Aik as CaCOj 

8.20 

1.80 

7.83 

4.31 

6.37 

Fc 

1.8 

3.3 

1.55 

1.89 

1.72 

Zn 

0.07 

0.069 

0.068 

0.080 

0.072 

Cu 

0.045 

0.054 

0.087 

0.056 

0.070 

Ni 

0.005 

0.049 

0.042 

0.017 

0.008 

Mn 

0.07 

— 

— 

0.02 

0.051 

K 

0.68 

— 

— 

0.23 

0.26 

Na 

0.3 

— 

— 

0.29 

0.50 

Mg 

1.64 



— 

1.19 

1.22 

Ca 

5.05 

— 

— 

2.56 

2.89 

Pb 

0.08 

0.051 

0.017 

0.011 

0.017 

Cr 

0.005 

0.015 

0.037 

0.021 

0.022 

Cd 

0.005 

0.012 

0.010 

0.002 

0.004 

A1 


3.21 

1.73 

1.57 

1.05 


Effect of Sludge Application on Agricultural Soil 

Analysis of the soil from the control plots showed depletion of some major nutrients 
due to leaching and crop removal (Table 6). This was especially evident for available 
phosphorus. The electrical conductivity (EC) also indicated the overall decrease of soluble 
salts over the 4-year period measurements were taken. 

There has been a steady decrease in the organic carbon content of the untreated soil 
since it was planted to corn. In 1968, 1972, and 1973 all plots received potash application 
as it was observed that exchangeable potassium was decreasing. This addition is reflected 
in the 1973 soil analysis which showed a return to near the 1970 potassium content. 

Soil pH has dropped 0.60 pH units on all plots from 1970 to 1973, There was no 
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Tadle 6. Chemical and physical properties of a distributed Drummer silty 
clay loam collected from 1970 through 1973 from the Hanover Park experimental corn plots. These 
plots have received liquid sludge from 1968 through 1973 




1970 



1971 


Parameter 

0 

6 

Weekly sludge application (mm) 
12 0 

6 

12 

pH 

7.9 

7.7 

7.7 

7.7 

7.4 

7.5 

EC, fimhos/cm 

N.A.* 

N.A. 

N.A. 

0.50 

0.61 

0.87 

CEC, meq/100 g 

33.4 

34.0 

32.2 

27.2 

32.2 

32.7 

1/3 bar HjO. % 

38.0 

38.0 

36.8 

32.8 

34.5 

33.3 

C-organic, % 

3.08 

3.21 

3.15 

2.97 

3.52 

3.27 

P-available, ug/g 

N.A, 

N.A. 

N.A. 

21.3 

51.8 

63.4 

Exchangeable bases 

K ftsJs 

138 

158 

153 

139 

139 

141 

Na 

95 

131 

117 

61 

78 

87 

Ca „ 

5440 

5660 

5530 

5360 

5590 

5310 

Ms >> 

1520 

1600 

1600 

1450 

1480 

1420 

0.1 N HCl extractable 

Fe /ig/g 

813 

827 

835 

775 

584 

669 

Mn „ 

253 

281 

290 

224 

224 

254 

2n „ 

30.5 

39.0 

37.5 

32.8 

43.6 

41.6 

Cd „ 

0.7 

0.7 

0.5 

N.A. 

N.A. 

N.A. 

Cu „ 

18.3 

66.6 

33.8 

8.19 

3.31 

14.4 

Cr „ 

1.7 

2.30 

5.2 

3.28 

3.31 

3.86 

Ni „ 

11.3 

10.9 

10.9 

9.2 

10.3 

11.0 

Pb „ 

16.2 

11.8 

13.3 

8.12 

9.29 

9.42 

A1 „ 

2010 

2750 

2680 

3180 

2780 

3240 



*N.A. 

=no analysis. 







1972 



1973 


Parameter 

0 

6 

Weekly sludge application (mm) 
12 0 

6 

12 

pH 

7.7 

7.6 

7.6 

7.3 

7.1 

7.1 

EC, /imhos/cm 

0.44 

0.53 

0.70 

0.41 

0.51 

0.61 

CEC, meq/100 g 

32.2 

35.0 

36.0 

33.9 

33.7 

33.3 

1/3 bar H,0, % 

31.4 

32.5 

32.5 

32.2 

33.1 

32.2 

C-organic, % 

2.70 

3.28 

3.00 

2.61 

3.37 

3.33 

P-available, Mg/g 

15.8 

22.4 

39.6 

9.8 

51.5 

79.8 

Exchangeable bases 

K /ig/g 

104 

106 

90 

126 

149 

126 

Na „ 

125 

157 

167 

25 

30 

44 

Ca „ 

4160 

4100 

3620 

5140 

6300 

5650 

Mg „ 

1110 

1120 

1030 

1660 

1700 

1690 

0.1 N HCl extractable 

Fe MS/g 

116 

191 

207 

301 

339 

346 

Mn „ 

132 

143 

139 

198 

200 

195 

Zn „ 

43.8 

52.8 

66.0 

24.4 

23.4 

27.6 

Cd „ 

0.18 

0.34 

0.33 

0.68 

0.58 

0.61 

Cu „ 

5.38 

11.9 

14.9 

6.72 

13.3 

15.8 

Cr „ 

0.13 

0.58 

0.99 

0.93 

1.26 

1.47 

Ni „ 

5.88 

7.14 

6.80 

8.60 

9.11 

8.93 

Pb „ 

6.00 

6.80 

7.20 

8.25 

9.21 

9.68 

A1 „ 

926 

1010 

968 

1700 

1770 

1820 
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influence on soil pH from sludge application but liming may be necessary on all plots in 
a few years. 

The application of liquid digested sludge has resulted in stabilization or increases in 
most of the soil parameters analyzed. The most significant increase was in available phos- 
phorus. For the plots receiving 6 mm of sludge per week, after 6 years, the available phos- 
phorus content was 5 times that of the control plots. For the 12 mm of sludge per week 
application, this value was 8 times that found in the control. There were also increases in 


Table 7. Range of chemical content of corn leaves collected from 1969 through 1973 from the 
Hanover Park experimental corn plots which have received liquid sludge from 1968 through 1973 


Element 




Year 





1969 



1970 


with sludge 

without sludge 

with sludge 

without sludge 





Mg/g dry weight basis 




K 

9,980 - 

23,400 

21,500 - 

28,500 

17,280 ■ 

-23,450 

19,370 - 

22,920 

Ca 

5,300 - 

9,400 

3,300 - 

4,300 

4,590 ■ 

- 6,730 

3,700 - 

4,550 

Mg 

3,300 - 

8,100 

1,900 - 

3,500 

2,470 

- 5,210 

2,680 - 

3,310 

Fe 

156 - 

222 

103 - 

144 

62 

- 177 

117 - 

156 

Mn 

34 - 

61 

25 - 

32 

45 

- 65 

39 - 

52 

Zn 

19 - 

49 

8 - 

12 

29 

- 90 

15 - 

90 

Cu 

5 - 

24 

7 - 

12 

5.9 

- 12.1 

5 - 

14 

Na 

N.A* 

N. 

A. 

51 

- 122 

50 - 

87 

Cr 

6.1- 

11.5 

6.1- 

12.5 

2.7 

7.9 

0.4- 

7.1 

Ni 

2.0- 

4.6 

1.0- 

4.5 

0.5 

2.2 

0.4- 

8.0 

Cd 

2.3- 

3.2 

2.5- 

3.1 

0.5 

3.3 

0.4- 

1.0 

Pb 

2.3- 

8.8 

6.1- 

9.0 

4.9- 

- 10.5 

6.0- 

7.8 

Accumulative sludge. 









metric tons dry 









solids per hectare 

30 - 

65 

0 


30 - 

- 65 

0 





* N.A.=no analysis. 







1971 



1972 


Element 

with sludge 

without sludge 

with sludge 

without sludge 




ftg/g dry weight basis 




K 

9,980 

17,600 

13,100 -17,340 

10,130 - 

17,050 

14,820 -19,220 

Ca 

4,500 - 

7,730 

4,120 - 

7,510 

5,470 - 

10,880 

4,300 - 

5,820 

Mg 

2,820 - 

6,590 

2,700 - 

3,830 

3,590 - 

7,160 

3,500 - : 

5,200 

Fe 

93 - 

130 

48 - 

134 

174 - 

274 

171 - 

240 

Mn 

35 - 

70 

31 - 

48 

24 - 

39 

22 - 

30 

Zn 

46 - 

100 

38 - 

50 

30 - 

56 

17 - 

23 

Cu 

11.3- 

16.2 

8.6- 

10.0 

7.7- 

13.5 

6.4- 

8.9 

Na 

13 - 

27 

15 - 

24 

70 - 

224 

99 - 

124 

Cr 

0.9- 

2.9 

0.9- 

1.4 

1.1- 

2.8 

1.1- 

2.3 

Ni 

0.9- 

5.0 

4.5- 

5.0 

1.2- 

12.6 

1.7- 

12.1 

Cd 

0.9- 

2.2 


<1.0 

1.2- 

3.4 

1.1- 

1.2 

Pb 

4.1- 

5.4 

3.4- 

4.8 

9.8- 

28.7 

9.7- 

15.8 

Accumulative sludge, 









metric tons dry solids 








per hectare 

53 - 

119 

0 


63 - 

139 

0 

■ 
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T/Ujle 7 cont. 


Year 

Element with sludge without sludge 


nelg dry weight basis 


K 

12,450 -] 

18,470 

15,140 16,210 

Ca 

4,550 - 

6,090 

2,120 - 

3,170 

Mg 

1,840 - 

4,180 

1,060 - 

2,450 

Fe 

64 - 

100 

22 - 

55 

Mn 

24 - 

39 

9 - 

30 

Zn 

24 - 

37 

5 - 

15 

Cu 

5.1- 

11.8 

1.7- 

5.9 

Na 

39 - 

58 

41 - 

157 

Cr 

0.7- 

2.9 

1.4- 

3.6 

Ni 


<2.4 


2.4 

Cd 


<0.2 


0.2 

Pb 

0.4- 

2.5 

0.4- 

0.6 

Accumulative sludge. 





metric tons dry 





solids per hectare 

101 - 

191 

0 



Cu, Na, and EC compared to the control. Hinesly et al. (1971) found similar increases in 
soil after 3 years of sludge application. Sludge application stabilized the organic carbon 
content of the soil, though it is not possible to determine if this is due to the increased plant 
residue on the fertilized plots or organic matter from sludge. There was no effect upon the 
cation exchange capacity (CEC). 


Response of Corn to Sludge FertiUzation 

Metal uptake by corn was determined by analyzing corn leaf and corn grain samples. 
Corn leaf samples were taken each year from 1969 through 1973 while corn grain samples 
were first taken in 1973. Analysis of corn leaf is presented in Table 7 and of corn grain in 
Table 8. 

Table 8. Range of chemical content of com grain col- 
lected in 1973 from the Hanover Park experimental 
com plots which have received liquid sludge from 1968 
through 1973 


Element 

with sludge 

without sludge 


/ig/g dry weight basis 

K 

3080 -4140 

2520 -3260 

Ca 

43 - 74 

55 - 68 

Mg 

990 -1590 

1290 -1390 

Fe 

26 - 42 

36 - 47 

Mn 

4.9- 7.5 

4.^ 6.0 

Zn 

20 - 33 

23 - 27 

Cu 

1.4- 2.2 

1.4- 2.2 

Na 

18 - 70 

20 - 42 

Cr 

0.5- 1.0 

0.5- 1.0 

Ni 

<0.5 

<0.5 

Cd 

<0.5 

<0.5 

Pb 

0.6- 1.2 

0.7- 1.2 

Accumulative sludge. 



metric tons dry 



solids per hectare 

107 - 203 

0 
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Ranges of metal content are presented since there were wide variations in metal content 
and no significant correlations among samples from sludge-fertilized plots. Sigm’ficance of 
metal uptake by corn leaf was also determined by analysis of variance using the mean 
values of metal content for each treatment for each year. There was no significant difference 
between the two sludge treatments for any metal, but there was a significant difference 
(0,01 level) between corn leaves from the sludge-applied and unfertilized plots for Za, Ma, 
and Cu, The concentrations of these three metals were within the common average com- 
position range for foliage of selected agronomic crops as reported by Melsted (1973): 
Zn, 15-150 ppm; Mn, 15-150 ppm; and Cu, 3-40 ppm. Analysis of variance of metal 
content of corn grain showed there was no significant difference between sludge-applied 
and unfertilized plots in 1973, the only year grain samples were analyzed, except for Ca in 
which there was a significant increase (at the 0.01 level) for the 6 -mm/week sludge treatment. 

Corn yields are presented in Table 9 from 1968 to 1973. Sludge application consistently 
produced yield increases. 


Table 9, Corn yields from 1968 through 1973 for the Hanover Park experi- 
mental corn plots which have received liquid sludge from 1968 through 1973 


Weekly 

application 

rate 

Total sludge 
applied 
1968-73 



Year 



68 

69 

70 71 

72 

73 


Metric tons/ha 



Corn yields 



mm 

of solids 


metric tons/ha at 15.5% moisture 


Check 

0 

2,07 

2.57 

1.51 3.45 

0.69 

1.82 

6 

116 

3.95 

8.72 

2.89 5.33 

4.33 

4.89 

12 

182 

4.01 

8.91 

2.95 6.08 

4.95 

6.21 


Effect of Sludge Application on Groundwater 

Monitoring wells in each corner of the field plots and surface drainage were sampled 
weekly since 1969 and analyzed for various chemical parameters and fecal coliform content. 
These results were averaged annually for groundwater drainage (the average of the four 
wells) which is presented in Table 10 and the tile drainage presented in Table 11. There 
has been an overall decrease in groundwater for K, Na, Ca, Mg, Zn, Cu, Mn, Fe, SO|, 
Kjeldahl-N, NH 3 — ^N, and alkalinity. Increases were observed for Cl” NO 2 +NO 3 — N, and 
pH. Only Fe consistently exceeded the U.S.P.H.S. drinking water standard of 0.3 mg Fe/1. 
The Fe content has no significance with regard to public health. The pH of the groundwater 
increased 0.5 pH units from 1968 to 1969 and remained relatively constant from 1969 to 
1973, The alkalinity, Ca, and Mg concentrations of the groundwater decreased from 1968 
to 1973 (Table 10). 

Considering the quantity of nitrogen applied (Table 5 and Table 7), it is noteworthy that 
NO3+NO3-N concentration in the groundwater leachate has not increased above 0.4 mg/1 
and it even appears that a plateau concentration exists for 1970-3. Braids ei al. (1970) ob- 
served that nitrate nitrogen was the only toxic chemical which increased in leachate from 
sludge-amended soil in lysimeters when nearly 5 metric tons of nitrogen/hectare were 
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Table 10. Average annual chemical and fecal coliform content of leachate collected weekly from four 
monitoring wells at the Hanover Park experimental corn plots. These plots have received liquid sludge 

from 1968' through 1973 


Year 


Constituent 


MDL* 

1968 

1969 

1970 

1971 

1972 

1973 

pH 



7.0 

7.5 

7.7 

7.7 

7.8 

7.6 

Total P 

mg /1 

0.01 

0.25 

0.21 

0.24 

0.50 

0.15 

0.53 

ci- 

S) 

1.0 

10 

13.3 

11.6 

18.0 

27.3 

23.8 

SOj 


1.0 

246 

156 

167 

136 

119 

87 

N-Kjeldahl 

99 

1.0 

2.2 

0.80 

0.5 

0.58 

0.9 

0.72 

N— NH 3 

99 

0.1 

0.78 

0.43 

0.4 

0.38 

0.31 

0.30 

N— NO 2 +NO 3 

99 

O.OI 

0.07 

0.11 

0.34 

0.33 

0.24 

0.34 

Aik as CaC 03 

99 

1.0 

355 

337 

323 

317 

268 

302 

EC 

/xmhos/cm 


M.A. 

928 

729 

695 

649 

669 

K 

mg /1 

1.0 

4.6 

1.87 

1.21 

0.90 

1.30 

1.13 

Na 

9> 

1.0 

14.7 

9.47 

10.8 

13.6 

7.9 

7.84 

Ca 

99 

1.0 

177 

112.9 

91.7 

88.0 

81.5 

80.1 

Mg 

99 

1.0 

83.3 

65.2 

62.7 

66.3 

65.0 

61.8 

Zn 

99 

0.1 

14.3 

2.23 

0.55 

0.64 

0.20 

0.12 

Cd 

99 

0.1 

0 

0 

0.01 

0 

0.01 

0 

Cu 

99 

0.01 

0.53 

0.04 

0.07 

0.08 

0.09 

0.09 

Cr 

99 

0.02 

0.1 

0 

0.01 

0.01 

0.01 

0 . 

Ni 

99 

0.1 

0.01 

0 

0.06 

0.03 

0.04 

0.02 

Mn 

99 

0.1 

0.47 

0.22 

0.21 

0.21 

0.23 

0.19 

Pb 

99 

0.03 

0 

0 

0.04 

0.05 

0.06 

0.05 

Fe 

99 

0.1 

35.7 

10.60 

15.0 

19.1 

14.1 

15.0 

FCt 

per 100 ml 

2 


11 

11 

11 

6 

1 


* MDL= minimum detection limit of laboratory, 
t Geometric mean. 


applied over a 2-year period. Fecal coliform content during the first year of sludge applica- 
tion was 11/100 ml but dropped to 1/100 ml by 1973. 

The surface draining had overall increases in K, Na, Mg, Cu, Pb, Cl~, Kjeldahl-N, 
NH 3 — ^N, and NO 2 +NO 3 — (Table 11). Fecal cohform content of surface runoff has re- 
fiected the annual sludge application. The field tile draining the lower end of the plots is 
overlain with only gravel. Comparing the quahty of the surface drainage which includes 
only a small amount of groundwater leachate indicates the potential of soil and a growing 
crop for removing soluble chemical species. While the NOg-f- NO 3 — concentration in 
surface drainage has risen steadily reflecting the nitrification of accumulated sludge, the 
NO 2 +NO 3 — of groundwater has stabilized at 0.4 mg/1 which is much less than tile 
drainage concentration in 1973. If the surface runoff from the plots were not now being 
returned to the wastewater reclamation plant, it would have been necessary to capture 
field runoff in a retention basin and hold it until water quality was acceptable for dis- 
charge to the stream draining the local watershed. Indeed this has been the practice in 
many land reclamation projects including the District’s Land Reclamation site in Fulton 
County, Illinois. 
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Table II. Average annual chemical and fecal coliform content of surface drainage coliected weekly 
from a tile drain at the Planover Park experimental corn plots from 1969 through 1973. These plots 
have received liquid sludge from 1968 through 1973 


Constituent 




Year 



MDL* 

1969 

1970 

1971 

1972 

1973 

pH 



7.6 

7.7 

7.6 

7.8 

7.6 

Total P 

mg/1 

0.01 

0.22 

7.0 

0.5 

0.35 

3.12 

Cl- 


1.0 

40 

42.6 

111 

118 

81 

SO5 


1.0 

156 

192 

148 

101 

36 

N-Kjeldahl 


1.0 

1.17 

37.3 

2.5 

5.6 

15.0 

N— NHs 


0.1 

0.68 

33.9 

1.8 

4.3 

11.4 

N—NOa+NOa 


0.01 

5.46 

10.0 

5.46 

6,35 

21.8 

Aik as CaCOj 


1.0 

346 

377 

433 

360 

388 

EC 

/imhos/cm 


1048 

1100 

1232 

983 

1318 

K 

mg/1 

1.0 

1.04 

1.60 

1,5 

2,3 

5.58 

Na 


1.0 

18.4 

17.3 

43.6 

42 

35.7 

Ca 


1.0 

135.7 

127 

158 

130 

133 

Mg 


1.0 

50.6 

59.5 

72.8 

65 

65 

Zn 


0.1 

0.03 

0.10 

0.04 

0.02 

0 

Cd 

II 

0.01 

0 

0 

0 

0 

0 

Cu 


0.01 

0.02 

0.02 

0.02 

0.06 

0.06 

Cr 


0.02 

0 

0.01 

0.02 

0 

0.01 

Ni 


0.1 

0 

0 

0 

0 

0 

Mn 


0.1 

0.32 

0.16 

0.42 

0.28 

0.26 

Pb 

II 

0.03 

0 

0.04 

0.05 

0.05 

0.07 

Fe 


0.1 

5.70 

4,98 

4.27 

2.1 

2.45 

FCt 

per 100 ml 

2 

25 

20 

<15 

32 

41 


* MDL=minimum detection limit of laboratory. All values less than these are reported as zero, 
t Geometric mean. 


Summary. Hanover Park Experimental Corn Plots 

The Hanover Park experimental corn plots have received sludge every year from 1968 
to 1973. After 6 years, total sludge application to these plots ranged from 107 to 203 metric 
tons dry solids/ha. Soils, ground- and surface-drainage waters, and plant leaves were 
sampled through the 6-year period and analyzed to note any responses to the sludge 
application. 

While some of the major soil nutrients have decreased in control plots, the sludge fer- 
tilized plots have either maintained or increased the content of the soil parameters deter- 
mined. Available phosphorus content of sludge fertilized soil was 5 to 8 times that of the 
control plots but stabilized in the sludge-fertilized plots. The uniform drop in soil pH 
(0.6 pH unit) of all the plots indicates that liming may eventually be needed. 

Analysis of groundwater leachate indicated that the groundwater quality has improved 
as there has been an overall decrease in chemical content. Surface drainage had increased 
in N, P, and K concentrations in the same period. This showed that in some cases there is 
a need for field runoff catchment basins if the slope and/or soil texture so warrant. The 
difference in quality between groundwater leachate and surface drainage water demon- 
strates the ability of the soil and crop to remove soluble chemicals from infiltrating water. 
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Corn leaves were analyzed to determine relative uptake of metals between sludge fer- 
tilized and non-fertilized corn. The results have indicated increases in Zn, Mn, and Cu in 
plant leaves from sludge-fertilized plots. Corn grain analysis began with the 1973 crop to 
determine any increased metal input to grain due to sludge treatment. No response to 
sludge application was noted for the metals in the grain except for Ca. The largest response 
to sludge fertilization was a dramatic increase in corn yields for all 6 years. Corn yields were 
nearly doubled due to the nutrients and water from sludge fertilization. 


Response of Vegetables to Sludge Fertilization 

Some waste-treatment plant sludges contain higher concentrations of Cr, Zn, Cu, Pb, 
Ni, Hg, and Cd than are found in typical agricultural soils. Berrow and Webber (1972) 
reported the results from analyses of forty-two sewage sludges collected from rural and 
industrialized city wastewater treatment plants in England and Wales. On a dry-matter 
basis they found the sludges contained consistently greater concentrations of Ag, Bi, Cu, 
Pb, Sn, and Zn than are present in typical agricultural soils. In a small number of sludges, 
B, Co, Mo, Cr, and Ni were present in sludges at greater concentrations than found in 
typical soils. They correctly point out that the amount of trace elements present in soluble 
or available form is more important in relation to uptake by plants than is the total content. 
Thus, they assessed the solubility of several trace elements by extracting with 2.5 % acetic 
acid. In Table 12 their extractability data and some of ours are presented by decreasing 
solubilities of several elements in soils. These data and others from our field studies con- 
firm our earlier opinions that we must be mainly concerned with the first six elements 
presented in Table 12 when municipal waste are utilized as a fertilizer. 

On the basis of total and extractable concentrations of trace elements in sludges, Berrow 
and Webber speculate that where sludges are used over a period of several years to 


Table 12. Average concentrations of trace ele- 
ments extracted by 2.5 % acetic acid from forty- 
two sludges collected in England and Wales 
(Purves, 1972) and percent of total amount pre- 
sent that was extractable 


Element 

Mean extractable 
as ppm d.w. 

Mean % soluble 
of totjj content 

Cd* 

144 

65 

Mn 

300 

56 

Ni 

190 

46 

Zn 

1540 

44 

Co 

8.8 

32 

Bt 

10 

25 

Cu 

96 

6.9 

V 

3 

4.8 

Cr 

22 

3.1 

Fe 

650 

2.8 

Pb 

20 

2.8 

Mo 

0.12 

1.9 

Sn 

0.58 

0.5 


* Unpublished 0.1 N HCl data, 
t Hot water extractable. 
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fertilize crops, some of the accumulating trace elements may give rise to toxicity problems 
in plants. From the results of chemical analyses of samples collected from soils contaminated 
with trace elements by air pollution and the use of municipal compost and sludges, Purves 
(1972) speculates that a “general enhancement of the level of potentially toxic trace ele- 
ments in plants grown in urban areas could lead to deleterious effects both on the plants 
and on the health of those eating them”. During 5 years of research using digested sludge, 
we have not yet created trace element toxicities in various feed grain and forage crops nor 
have levels of any element increased in plant tissues to the extent that they would present 
a hazard to animals consuming the produce. Furthermore, LeRiche (1968) analyzed soils 
and crops from a market garden experiment at Woburn, England, where 1278 t/ha of 
sludge had been applied between 1942 and 1961. While there was an increase in the uptake 
of some elements by vegetable crops grown on the sludge-treated plots, as can be seen in 
Table 13 from the average values of his reported results, he reported that there was no 
evidence that crop yields were affected. 


Table 13. Availability of trace elements and their uptake by vegetable crops growing on a soil 
treated with 568 tons/acre of sewage sludge (LeRiche, 1968, Harpenden, England) 






Co 

Cr 

Cu 

Mo 

Ni 

Pb 

Zn 







ppm (dry matter) 




Sewage 











1958 



— 

4.5 

18 

— 

51 

3.5 

750 

0.05 N HOAc 

1959 



— 

2.5 

22 

— 

49 

3.0 

850 

extractable 

Soil 

Treated 


— 

2.8 

20 

— 

17.5 

5.0 

395 


1959 

Untreated 


— 

0.5 

5.0 

— 

4.3 

1.2 

87.5 

Total 

Leeks 

Treated 


0.16 

0.54 

15.0 

1.10 

6.95 

1.60 

135 

contents 

1960 

Untreated 


0.18 

0.71 

5.75 

0.50 

2.0 

1.15 

46 



Treated 

[top - 

f <0.1 

1.0 

10.0 

0.7 

16.5 

2.6 

510 

Total 

Globe beets 

Untreated! 

1 <0.1 

0.9 

9.0 

0.5 

3.2 

2.4 

219 

contents 

1960 

Treated 1 

|»Root*j 

r <0.1 

0.8 

18.0 

0.3 

13.0 

1.6 

250 



Untreated j 

<0.1 

0.3 

11.0 

0.1 

1.7 

0.9 

130 



Treated 1 

^Top^ 

r 0.35 

3.00 

8.3 

0.98 

5.25 

2.60 

270 

Total 

Potatoes 

Untreated! 

1 0.38 

1.70 

4.3 

0.38 

1.70 

2.80 

90 

contents 

1961 

Treated 1 

!>Root=| 

r 0.02 

0.03 

9.5 

0.28 

0.58 

0.19 

28 



Untreated J 

l_ 0.03 

0.09 

9.5 

0.40 

0.25 

0.25 

30 

0.5 N HOAc 

Soil 

Treated 




2.6 

58 

— 

8.1 

4.2 

275 

extractable 

1967 

Untreated 


— 

0.9 

14.5 

— 

3.4 

1.6 

84 



Treated ) 

‘Top ={ 

' <0.08 

0.88 

9.9 

0.85 

3.00 

1.7 

99 

Total 

Carrots 

Untreated J 

0.06 

0.41 

8.2 

0.58 

1.14 

1.09 

48 

contents 

1967 

Treated | 

>Root-| 

^ <0.05 

0.07 

4.6 

0.12 

2.00 

0.07 

42 



Untreated J 

L <0.05 

0.03 

6.3 

0.13 

1.45 

0.06 

34 


The behavior of such trace elements in soils and their uptake by crop plants are in- 
fluenced by several factors. One of these is soil pH. Most heavy metal toxicities in terrestrial 
plants have been associated with pH values of less than 5. Liming soils can, to a large extent, 
control the uptake of many trace elements. 

Practices which promote better soil aeration, such as drainage and structure develop- 
ment, may lead to decreased solubilities of some trace elements. According to Jenne (1968) 
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oxides of iron and manganese act as “sinks" for heavy metals and the c.xtractability or 
leachabiliiy of the metals is determined by the Eh (reduction-oxidation potential) and pH 
of the system. Keeping the I'c and .Mn hydrous oxides in soils and sediments in the form 
of thin coatings on silicate minerals instead of discrete crystalline minerals permits a 
chemical activity in far greater proportion than would be expected on the basis of their 
concentrations alone. /\s the solubilities of iron and manganese compounds arc increased 
by reducing conditions, tltc Iieavy ntelals originally adsorbed on the surfaces of their 
oxides arc displaced by hydrogen and the metals become more mobile in soils. 

Some heavy metals may form inert and insoluble compounds with clays and organic 
compounds. Thus, many trace elements arc less available to growing plants than the total 
concentrations of these elements would indicate. 

When grown on the same soils, tissues from diifercnt crop .species, and even difierent 
varieties of the same sjKcics, ditfer markedly in concentrations of nutrient and pollutant 
elements. The selection of crops or even sariclic.s of a particular crop .species thus affords 
a control over the entrance of undesirable amounts of trace elements into food chain.s. 
With regard to .'-election, Gabelman (1970) says: “ fhe ca.se of discovery of these genetic 
ditferenccs within species itas been surprisiiur. We luxe been too conservative in assessing 
thi.s potential." 

Perhaps we base not observed trace-element toxicilies in plants by the use of stabilized 
sludge because it may contribute low.srd establishing a better balance of nutrient availability 
and uptake by crop plants. We have learned from greenhouse and other 5ludie.s that there 
arc many synergistic and antagonistic interactions between various ionic metal species in 
sludge and soils alfcciing the ab.'-orption of chemical elements by plant roots and their 
lran.slocai!on within plants. As we learn more about interaction effects, wc m.ay be able 
to dccrc.TSc abnormal uptake of one trace element from soils by supplying another to the 
soil or crop. 

Clearly if or when a trace element problem does occur a.s a rc.suli of utilizing municipal 
sludges as a fertilizer and/or soil amendment, thctc arc management practices available 
which can be introduced to alleviate the .situation. E.xccpl pcr)jap.s in coarse sandy-lcxtured 
soils, the hc.ivy metals will move very little with percolating water. Thus, most of the trace 
elements will remain at the point of application unless they arc transported away in an 
adsorbed pha.se on eroded sediments. By establishing erosion control structures and 
practices, complete control can be maintained over all elements applied on land as a con- 
stituent of sludge except some auion and anion forming species such as nitrate, sulfate, 
chloride, borate, etc. At any rate, tho.se chemical elements which present the greatest po- 
tential hazard to animals will be retained in place and can be managed if the need develops. 
To a large extent the opportunity to manage trace elements is lost once they are disposed 
of in water environment-s like the ocean or in air by incineration, or by storing ash residues 
in landfills where they can be leached by percolating water. 


Effect of Sludge Application on Acid Mine Spoils 

Successful reclamation of both acidic and calcareous mine spoils has been accomplished 
with liquid anaerobically digc.sted sludge. Early experiments wi i acidi'' • •••- spoils demon- 
strated the potential of digested sludge application for u ' 
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Acidic mine spoils are some of the most difficult of all disturbed lands to reclaim. Chem- 
ical barriers such as low pH and high exchangeable A1 are only slowly removed by natural 
means and very clfcctively prohibit the establishment of nearly all types of vegetation. 
The low pH usually results from pyrite (FeSj) oxidation to sulfuric acid. This acidity 
solubilizes additional compounds, especially metallic compounds, some of which may be 
present in phytotoxic concentrations. In contrast to the elevated metal concentrations, 
acidic mine spoils arc usually deficient in the major plant nutrients (N, P, K, Ca, and Mg). 

Acidic spoils require pH control and fertilization for the successful establishment of 
vegetative cover. Once established, the plant life will help maintain and improve the spoil 
material by erosion control and through bio-cycling of essential plant nutrients and forma- 
tion of humus. 

The U.S. Forest Service has recently become involved with spoil reclamation of the 
Palzo Mines in Southern Illinois.* This acidic mine spoil, now a part of the Shawnee 
National Forest, has had virtually no vegetation since surface mining ceased in 1961. The 
acidic runoff has seriously aficctcd a nearby receiving stream (Sugar Creek) and the solution 
of this problem has become the Forest Service’s primary goal. 

Two feasible methods chosen were liming and incorporation of liquid digested sewage 
sludge. Field evaluation was done with test plots treated with lime or digested sludge and 
planted to grasses. Although both types of treatment resulted in germinadon and growth 
of the grasses, sludge produced a more vigorous growth while improving subsurface 
drainage-water quality. The Forest Service has reclaimed 15 acres (6 ha) of spoil with lime 
and inorganic fertilizer. They plan to reclaim 192 acres (77.8 ha) of the spoil by treating 
with digested sewage sludge. The test plot results Indicated that a minimum-maximum 
limit of 200-250 dry tons of sludgc/acrc (448-560 dry metric tons/ha) should be appUed. 
Table 14 presents a partial analysis of a lagooned digested sludge. An overhead sprinkler 
irrigadon system will be used to apply 1 inch of liquid sludge per week. When dry the 
solids will be disced into the top 9-12 in. (23-30 cm) during the applicadon period to help 
increase infiltration and check erosion. Subsurface water will be condnuously monitored 
before, during, and after sludge application. 


Table 14. Analysis of lagooned digested sludge from The Metro- 
politan Sanitary District of Greater Chicago (Peterson e/ al., 1971) 


Constituent 

Average cone. 

Constituent 

Average cone. 


% dry basis 


% dry basis 

Total N 

2.6 j 

Cd 

0.05 

NH»— N 

1.2 

Cr 

0.38 

Total P 

3.4 

Cu 

0.22 

K 

0.36 

Na 

0.28 

Ca 

2.1 

Ni 

0.05 

Mg 

0.97 

Pb 

0.08 

Zn 

0.98 



Fe 

3.4 

pH 

7.2 

Mn 

0.02 

EC 

3.9 /imhosem 


* Palzo Restoration Project, Final Environmental Statement, Shawnee National Forest, Forest Service, 
U.S. Department of Agriculture, July 15, 1972. 
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As a further coatribution to the Forest Service’s efforts, the Metropolitan Sanitary 
District of Greater Chicago supplemented their test plot experiments with a laboratory 
column study. Columns of acidic spoil material from Palzo Mines (Table 15, line 1) were 
treated with liquid sludge (Table 14) and then leached daily with aerated deionized water 
for 110 days. 


Table 15. Constituents leached in 110 days from columns containing 2-kg acidic spoil material 
treated with varied amounts of lagooned digested sewage sludge (Peterson and Gschwind, 1972) 


Constituents leached from columns in 1 10 days 

Solu- 

Total ble 


Column* 

Acidityt NHj — N 

SOi 

Zn 

A1 

Mg 

Ca 

Fe 

P 

salts 

pH 

1 

2238 

14.7 

3047 

4.9 

mg 

138.0 

18 

383 

230 

1.69 

/xmhos 

cm 

2.03 

2.43 

2 

2868 

475.0 

7311 

3.0 

1.8 

418 

1439 

263 

19.74 

1.88 

6.20 

3 

5048 

334.0 

4911 

5.0 

148.0 

67 

240 

401 

1.83 

2.07 

2.62 

4 

1855 

263.0 

4542 

100.0 

2.0 

166 

1183 

45 

16.63 

1.19 

4.96 

1 

1.00 

1.00 

1.00 

1.00 

Normalized 
1.00 1.00 

1.00 

1.00 

1.00 

1.00 


2 

1.28 

32.31 

2.40 

0.61 

0.01 

23.35 

3.76 

1.14 

11.69 

0.93 

— 

3 

2.26 

22.72 

1.61 

1.02 

1.07 

3.74 

0.63 

2.18 

1.08 

1.02 


4 

0.83 

17.89 

1.49 

20.41 

0.01 

9.27 

3.09 

0.20 

9.84 

0.59 

— 


♦Column 1 : control, 2-kg acidic spoil material. 

Column 2: homogeneous mixture, sludge equiv.= 122 metric tons/ha. 
Column 3: top quarter sludge treated, sludge equiv.=61 metric tons/ha. 
Column 4: homogeneous mixture, sludge equiv.=61 metric tons/ha. 
fAs CaCOs. 


The laboratory results substantiated the field observations. These results indicated that 
sludge treatment can raise the leachate pH (Fig. 2). A reduction of the total acidity, soluble 
salts (EC), and soluble A1 and Fe concentrations was observed with the complete incorpora- 
tion of 61 metric tons sludge/ha (Table 16, column 4). Analysis of the treated spoil material 


COLUMN 2 



Days Leachsd 


Fig. 2. The pH of the leachate from sludge-treated acidic spoil material during 110 days of daily leaching 
with aerated deionized water. The treatments were: column 1 — no sludge; column 2 — sludge equivalent 
to 122 metric ton solids/ha mixed; column 3 — sludge mixed in top quarter equivalent to 61 metric tons 
solids/ha; column 4 — sludge equivalent to 61 metric tons solids/ha mixed (Peterson and Gschwind, 1972) 
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Table 16 , Chemical and physical characteristics of an acidic mine spoil treated with liquid digested 
sewage sludge before and after leaching for 1 10 days 


Column’" 

Spoil 

depth. 


0.1 N HCl extractable 


Avail. 


Exchangeable 

EC 

1/3 Bar 


Fe 

Mn 

Zn 

Cu 

Cr 

P 

CEC 

Ca 

Mg NH.- 

■N /imhos/ water. 


cm 



pg/e 





meq/100 g 

cm 

% 

Unleached 

spoil 

1683 

8.0 

54.3 

14.0 

4.3 

16.8 

12.6 

1.69 

0.39 

0.08 

2000 

— 

1 

0-10 

2260 

3.5 

28.0 

6.2 

3.5 

15.4 

12.7 

0.78 

0.11 

0.11 

0.185 

26.20 


10-20 

1630 

4.1 

103.0 

6.2 

3.4 

17.5 

12.6 

1.18 

0.44 

0.11 

0.287 

26.72 


20-30 

2595 

20.6 

542.1 

127.1 

66.7 

17.5 

12.8 

1.28 

0.26 

0.12 

0.319 

26.79 


30-40 

2183 

9.7 

318.7 

72.4 

47.6 

14.7 

12.8 

1.00 

0.51 

0.08 

0.373 

28.12 

3 

0-10 

1405 

3.5 

90.2 

6.1 

3.2 

280.0 

18.1 

10.71 

4.52 

0.13 

0.513 

34.23 


10-20 

2184 

10.4 

220.1 

69.9 

48.2 

86.1 

14.0 

4.29 

2.36 

0.11 

0.207 

28.30 


20-30 

3820 

37.4 

1251.0 

248.9 

178.9 

16.1 

12.3 

1.95 

1.10 

0.14 

0.385 

27.72 


30-40 

2489 

19.7 

645.6 

130.4 

84.6 

14.7 

13.5 

1.40 

0.51 

0.19 

0.476 

27.61 

4 

0-10 

1574 

7.7 

136.4 

33.3 

19.6 

149.1 

14.9 

5.01 

2.04 

0.24 

0.160 

30.43 


10-20 

1492 

3.5 

144.7 

5.5 

3.5 

143.5 

14.7 

5.07 

1.88 

0.29 

0.083 

30.15 


20-30 

2062 

20.7 

555.9 

125.7 

76.6 

143.5 

14.0 

4.96 

2.05 

0.34 

0.150 

31.05 


30-40 

2184 

19.2 

488.5 

126.8 

77.6 

143.5 

14.5 

4.71 

2.11 

0.41 

0.136 

31.37 

2 

0-10 

2419 

11.7 

403.6 

79.8 

52.1 

322.0 

15.4 

7.24 

4.27 

0.16 

0.144 

31.85 


10-20 

2542 

10.0 

206.5 

67.4 

51.0 

343.0 

16.0 

7.63 

3.83 

0.40 

0.159 

32.18 


20-30 

1597 

5.5 

112.7 

7.1 

5.2 

322.0 

16.1 

5.99 

3.59 

0.82 

0.185 

31.89 


30-40 

1935 

3.8 

70.4 

6.4 

3.8 

231.0 

15.9 

7.44 

3.69 

0.88 

0.309 

31.58 


♦Column 1 : control, 2-kg acidic spoil material. 

Column 2: homogeneous mixture, sludge equiv.=122 metric tons/ha. 
Column 3: top quarter sludge treated, sludge equiv.=61 metric tons/ha. 
Column 4: homogeneous mixture, sludge equiv,=61 metric tons/ha. 



Fig. 3. The exchangeable A1 concentration of sludge-treated acidic spoil material after leaching daily 
for 110 days with deionized water. The arrow indicates the exchangeable A1 of unleached untreated acidic 

spoil material. 


(Table 16) showed that general fertility was increased while phytotoxic concentrations of A1 
(Fig. 3) and adverse pH (Fig. 4) conditions were eliminated. The increased water-holding 
capacity and tilth of the sludge-treated spoil material demonstrated that sludge is also a 
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Fig. 4. The pH of sludge-treated acidic spoil material after leaching daily for 110 days with deionized 
water. The arrow indicates the pH of unleached untreated aciic spoil material. 


soil conditioner. It was observed during the leaching experiment that the sludge-treated 
spoil material absorbed water much faster than untreated material probably due to the- 
aggregation caused by sludge treatment. This would lessen surface runoff and its con 
comitant detrimental effects on receiving land and waters. 


Effect of Sludge Application on Strongly Alkaline Soil 

Although sludge treatment can reduce acidity problems of mine spoils, it can also reduce 
severe alkalinity problems. In 1969, sludge supplied by MSDGC was used to treat an alkali 
sand-filled lagoon (pH 10.5) near Ottawa, Illinois, which was owned by the Libbey Owens 
Ford Glass Company. The sludge was incorporated into the sand by filling 2-foot deep 
trenches with liquid sludge and then covering with the sand. Using this application method 
170 dry tons of sludge/acre (381 metric tons/ha) were mixed into the sand surface. Grass 
was planted and has grown vigorously ever since. The area is now a part of a wildlife 
refuge. 


Effect of Sludge Application on Calcareous Soils 

Presently, MSDGC is concentrating its land reclamation program in the coal-mine 
spoils of Fulton County, Illinois. Encouraged by the results of the efforts described above, 
the Fulton County project is the first large-scale operational reclamation program of mine 
spoils undertaken by MSDGC. As of October 1972, over 13,000 acres (5265 ha) of spoils 
had been purchased in Fulton County by MSDGC. 

The Fulton County spoils are calcareous and while they do support some vegetation, 
they are rather infertile and low in organic matter. Nitrate and exchangeable ammonium 
profiles (Figs. 5 and 6 ) of mine spoils and undisturbed land on this site showed the extent 
of natural restoration 10 years after mining ceased. Figure 6 indicates that there is an 
exchangeable NH 4 reserve of only 14 lb of N/acre (31.4 kg N/ha) in the plow layer (0-6 in.) 
of the spoil material. At the time of the borings (February 1971) there was only 3.6 lb of 
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NO 2 +NO 3 — ^N/acre (4 kg N/ha) in the plow layer. Organic carbon for the surface layer 
averages <0.5% so organic nitrogen reserves are low. 

The low nitrogen and organic matter of these spoils should rapidly be alleviated by 
treatment with sludge. Continued soil testing will determine how rapidly the mine spoils 
are upgraded by sludge. Plant tissue analysis will be used to verify that crops are receiving 
enough nutrients. 



Fig. 5. The average nitrite and nitrafe-N of soil cores collected in February 1971, in Fulton County, Illinois, 

prior to the application of sludge. 


While the objective of the Fulton County program is the utilization of sludge on mine 
spoils, sound ecological practices remain the guideline. Fields developed from spoils are 
surrounded by berm structures and sloped toward retention basins so that all runoflf can 
be collected and the quality checked before eventual discharging. In the event that the 
water does not meet standards, it can be held or pumped back onto the fields. Nutrient 
barriers surrounding the existing lakes and waterways provide further protection of water 
quality. Monitoring wells are strategically placed to carefully observe ground water 
quality; lakes and stream waters are also sampled. Thus, background data has been estab- 
lished for water quality before sludge application. 

The sludge to be used is barged down the Illinois River to Liverpool, Illinois, where 
an 11-mile (17.7 km) pipeline takes the sludge to huge 5000 acre-foot storage basins 
(6.2 X 10^ m^) on the site. A dredge and pipeline system is used to transport the sludge to 
high-pressure traveling central pivot gun sprayers for application on the constructed fields. 
E.xtcnsive testing of the effects of sludge fertilization on soil, plant, and water by the University 
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of Illinois Agronomy Department (Hinesly, Braids and Molina, 1971; Hinesly, Jones, and 
Ziegler, 1972), and MSDGC’s own research demonstrated the beneficial results possible by 
using sludge and have established important guidelines for the use of sludge on land. 
Nitrogen was determined to be the limiting factor in apphcation rates. This factor is based 
on soil, climate, and crop conditions which will not result in nitrate pollution of ground 
water. 



Fig. 6. The average exchangeable NHJ— N of soil cores collected in February 1971, in Fulton County 

Illinois, prior to the application of sludge. 

Certain modifications are possible on regraded spoil land, and high fertilizer rates will 
be used initially to ensure an early vegetative cover which will minimize silting losses. These 
high rates were determined from careful consideration of the type of spoil material and 
are not expected to cause nitrogen pollution of ground water. The spoils in Fulton County 
are calcareous and the textures range from loam to clay loam. The 30-60 ft (9-8 m) of 
overburden has an average pH of 7.7 which was partly due to the mixing of 1-2 ft (30-60 
cm) of St. David limestone throughout the overburden. The mining operation also mixed 
4-60 ft (1.2-18 m) of Canton shale throughout this profile. This is a calcareous shale. 
White (1959) reports Canton shale as 30% clay of which 40-70% was illite. The ability of 
illite as well as other micas and micaceous clay minerals to fix K and NH 4 was described by 
Nommik (1965). The equilibrium is as follows: 

(NH4+K)— - > (NH4+K V^ > mH4+K) 

soluble exchangeable fixed 

Continued additions of NH 4 as well as the alkaline soil drive these reactions to the right. 
The reaction of 

(NH4+K) 5^(NH4 + K) 

fixed exchangeable 

is strongly hysteretic, No mmik (1965). Sewage sludge is low in K {ca. 0.3 % on a dry basis). 
Dhariwal and Stevenson (1958) reported that the A, B, and C horizons of an Elliott soil 
had 80, 65, and 65% illite and it had a total fixed NH 4 of 0.99, 1.98, and 2.63 meq/100 g, 
respectively, in the top three horizons. The Elliott C horizon is similar to the land in Fulton 
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NO 2 +NO 3 — N/acre (4 kg N/ha) in the plow layer. Organic carbon for the surface layer 
averages <0.5% so organic nitrogen reserves are low. 

The low nitrogen and organic matter of these spoils should rapidly be alleviated by 
treatment with sludge. Continued soil testing will determine how rapidly the mine spoils 
are upgraded by sludge. Plant tissue analysis will be used to verify that crops are receiving 
enough nutrients. 



Fig. 5. The average nitrite and nitrate-N of soil cores collected in February 1971, in Fulton County, Illinois, 

prior to the application of sludge. 


While the objective of the Fulton County program is the utihzation of sludge on mine 
spoils, sound ecological practices remain the guideline. Fields developed from spoils are 
surrounded by berm structures and sloped toward retention basins so that all runoff can 
be collected and the quality checked before eventual discharging. In the event that the 
water does not meet standards, it can be held or pumped back onto the fields. Nutrient 
barriers surrounding the existing lakes and water\vays provide further protection of water 
quaUty. Monitoring wells are strategically placed to carefully observe ground water 
quality; lakes and stream waters arc also sampled. Thus, background data has been estab- 
lished for water quality before sludge application. 

The sludge to be used is barged down the Illinois River to Liverpool, Illinois, where 
an Il-milc (17.7 km) pipeline takes the sludge to huge 5000 acre-foot storage basins 
(6.2 X 10''" m’) on the site. A dredge and pipeline system is used to transport the sludge to 
high-pressure traveling central pivot gun sprayers for application on the constructed fields. 
Extensive testing of the effects of sludge fertilization on soil, plant, and water by the University 
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of Illinois Agronomy Department (Hinesly, Braids and Molina, 1971; Hinesly, Jones, and 
Ziegler, 1972), and MSDGC’s own research demonstrated the beneficial results possible by 
using sludge and have established important guidelines for the use of sludge on land. 
Nitrogen was determined to be the limiting factor in application rates. This factor is based 
on soil, climate, and crop conditions which will not result in nitrate pollution of ground 
water. 



Fig. 6. The average exchangeable NHJ— N of soil cores collected in February 1971, in Fulton County 

Illinois, prior to the application of sludge. 


Certain modifications are possible on regraded spoil land, and high fertilizer rates will 
be used initially to ensure an early vegetative cover which will minimize silting losses. These 
high rates were determined from careful consideration of the type of spoil material and 
are not expected to cause nitrogen pollution of ground water. The spoils in Fulton County 
are calcareous and the textures range from loam to clay loam. The 30-60 ft (9-8 m) of 
overburden has an average pH of 7,7 which was partly due to the mixing of 1-2 ft (30-60 
cm) of St. David hmestone throughout the overburden. The mining operation also mixed 
4-60 ft (1.2-18 m) of Canton shale throughout this profile. This is a calcareous shale. 
White (1959) reports Canton shale as 30% clay of which 40-70% was illite. The ability of 
illite as well as other micas and micaceous clay minerals to fix K and NH 4 was described by 
Nommik (1965). The equilibrium is as follows: 

(NHi+K) ^ > rNHt+Kl ^ > nsrHi+K) 
soluble exchangeable fixed 

Continued additions of NH 4 as well as the alkaline soil drive these reactions to the right. 
The reaction of 

(NH 4 + K) ►(NH 4 + K) 

fixed exchangeable 

is strongly hysteretic, Nommik (1965), Sewage sludge is low in K {ca. 0.3 % on a dry basis). 
Dhariwal and Stevenson (1958) reported that the A, B, and C horizons of an Elliott soil 
had 80, 65, and 65 % illite and it had a total fixed NH 4 of 0.99, 1.98, and 2.63 meq/100 g, 
respectively, in the top three horizons. The Elliott C horizon is similar to the land in Fulton 
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County. This indicates that approximately 1400 lb of NH^— N may be fixed in 1 acre-foot 
of this type of material. 

Crop removal of nitrogen varies with the crop. For corn, nitrogen removal from the 
field in the grain averages 0.77 lb per bushel (9.9 g/1) of grain (Boone and Welch, 1972). 

Nitrogen is also lost by volatilization of ammonia from the soil surface. When sludge is 
applied to a soil surface, most of the ammom'a volatilization occurs during drying. This 
loss may amount to 50% of the applied ammonia. 

The sludge application rates for the first 5 years were based on the above considerations. 
These rates decrease with each succeeding year as the fertilizer and crop residuals accumu- 
late in the spoil material. Mineralization of these increasing residuals to produce NO 3 — 
becomes more significant with each passing year. 
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ON NON-RENEWABLE RESOURCES 

Earl T. Hayes 

Director, Materials Associates, Inc., Washington, D.C., U.S.A. 


The potential impact of recycling on non-renewable resources relates to three distinct areas: 
energy, metallic minerals, and non-metallic minerals. That order signifies not only the im- 
portance in today’s society, but also the relative significance of impact from recycling. 
Briefly, recycling can achieve energy savings through materials recycling; it can achieve 
energy savings through the generation of fuel; it can accomplish ore or virgin material 
savings; it can accomplish capital savings (which relates to more material and energy 
savings); and most importantly, it can accomplish a reallocation of resource use, so that 
virgin materials are used for the highest tolerance or most valuable end products. 

In order to obtain a perspective on this situation, let us first look at what are the con- 
stituents of an incoming ton of urban solid waste. According to the Final Report of the 
U.S. National Commission on Materials Policy, the solid waste collected annually includes 
30 million tons of paper and paper products, 4 million tons of plastics, 100 million tires, 
30 billion bottles, 60 billion cans, millions of tons of demolition debris, grass and tree 
trimmings, food wastes, and millions of discarded major appliances. On a percentage basis 
organic refuse, including paper and plastics, constitutes about 70% of solid waste. Glass 
and ceramics constitute about 10% of municipal solid waste. Ferrous products constitute 
another 8%; aluminum and other non-ferrous metals make up between IJ and 2%. 
Interestingly enough, however, it is the metallic fractions which have the lowest volume 
that have the most resale value and the organic or energy fractions which have the lowest 
value and the largest bulk. 

Dissecting the effect of recycling on non-renewable resources involves looking at each of 
the five categories of economic impact. This means that we should start with energy savings 
from the recycling of materials. According to a report entitled, “Energy Expenditures 
Associated With the Production and Recycle of Metals”, published by the Oakridge 
National Laboratory it requires but 5 % of the energy spent to produce virgin alununum 
in order to produce the same aluminum from waste aluminum. In the area of iron and 
steel or ferrous metals, the factor is 25 %. The Glass Containers Corporation has run its 
furnaces with 100 % color or waste glass and achieved a 15-20 % savings in energy expended 
according to Mr. Pickett Scott. Similar savings can be achieved in other materials. 

This led the National Commission on Materials Policy to conclude that recycling of 
available materials could accomplish a 2% energy savings from recycling or some 386 
billion kilowatt hours equivalent. Such energy savings thermodynamically could be con- 
sidered an entropy saving or conservation of energy. There is a second type of energy 
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they cannot identify the difl'crcnt aluminum alloys or steel alloys. They cannot econo- 
mically sort glass by color, and they cannot sufficiently eliminate all of the grease and all 
of the contaminants from all of the paper. Thus, there is resource degradation. The alu- 
minum industry has demonstrated this with its speeifications for alloys 3004, 3105 and 
recycled products. The most obvious example is the fact that much recycled material ends 
up in cast metals, rallicr than wrought metals. 

While degradation of materials is a limitation on recycling, it need not be considered a 
serious one. The virgin resource industrj' can capitalize on recycling to restrict the use of 
virgin ores for their highest and best use. Let me give you an example. Plastics incinerated 
contain 19,000 Btu’s per pound. That is about equivalent to oil. The implication of that 
statement is that crude oil and natural gas can be directed into plastics and petrochemicals, 
whose market value is some 15 times the market value of petroleum products as energy. 
The petroleum products, after being made into petrochemicals and plastics, can then 
be recycled into cncrg>' through incineration, pyrolysis, or hydrogenation. Some petro- 
leum products cannot be recycled. These include fertilizer products which have raised 
com yields per acre by two-thirds and permitted the world to feed a larger economy. 
Obviously, feeding people is as valuable or more valuable than driving a second or third 
automobile in a family. Thus, oil— the life of petroleum — can be extended by alrecting 
its use towards petrochemicals and by making up the deficit with coal and syntlietic 
fuels and nuclear power. The recycling can then accomplish releasing the contained Btu’s 
in tlic plastics and petrochemicals, so that the energy value of the oil is restored rather 
than lost. 

Similarly, virgin aluminum can be used for its most pure or most valued properties. 
Recycled aluminum makes good can body stock and also good castings. In the area of steel 
detinning can be used to create number one serap bundles whereas incinerated tin eans or 
tin plate steel becomes alloyed and loses some value. Its uses are restrieted, but it makes 
little sense to use virgin ore to produce rebar angle iron or other low-tolerance metals. It 
has been demonstrated by the U.S, Bureau of Mines that recycled steel stands up well in 
performance tests against conventional steel. Thus, virgin ore can be directed to the BOF 
furnace or toward the production of high-tolcrancc stainless alloys, high carbon or tool 
steels, and other type specification products. Similarly, the use of glass, the use of glass 
sands to make flint glass, the use of ciillet to make colored glass, and the use of cullet to 
make construction products such as brick and concrete block and paving can be envisioned. 
This reallocation of resource can extend the life of scarce virgin ores. While tliis is the least 
specific in terms of numbers, it is perhaps the most valuable concept which can be created 
by recycling in terms of a favorable impact on non-renewable resource. 

In conclusion, a review of the second law of thermodynamics or energy conservation can 
be seen as a savings throughout all five of the specific types of impacts which recycling can 
have on non-renewable resources. From an entropy point of view, it has been said that the 
earth loses energy perpetually and could take itself into the dark ages by the perpetual con- 
sumption of energy. Therefore, all measures to save energy (including the savings of capital 
investment) are most valuable. Certainly energy savings by recycling material and by fuel 
generation are specific points. The reduction in the need to mine and process virgin materials 
creates a tremendous savings of energy. The reduction in the investment in the reduction of 
ores and production of primary processes and the reduction in both investment and opera- 
tion of pollution-control facilities produce no product; they are a non-productive invest- 
ment which requires energy to build and energy to operate. Therefore, any process which 
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McKELMiV: I wonder if Dr. Hayes can tell us what some of the obstacles seem to be in recycling? 
The arguments in fa\-or of it seem so overpowering that one would think it would be practised to a far 
greater extent than it is. I wonder what seems to be the reasons for the delays in pursuing it? 

HAYES; I am probably the lesser of all these fine experts on this platform, Dr. McKclvcy. In my mind, 
there has been a certain amount of foot dragging. But in summation, at the present time, I see few obstacles 
to this. Tliis is simply a way of life and we have accepted it. I think you will sec as the morning goes on, 
that the economics now favor this complete recycle. Here and there, we arc still wasting a lot of material. 
I don't deny this at all. Someone else want to try that? 

You will sec from the papers this morning that there arc so many pilot plants, so many demonstration 
plants, so many operating plants now gathering data that we arc past the stage of experimentation and 
we arc now pursuing pure engineering economics. Tliat is the theme of the morning’s session. It’s no longer 
thcoiy or something that must be done. It is being done. And the data you will see presented this morning 
will demonstrate that we arc on that last lap of determining the optimum process which, like mining, will 
have to fit any particular situation. 

ROSENSHEIN: If you ever had an opportunity to watch a landfill operation, you’d see that the prob- 
lems arc really a lot more basic than just llic aspect of being able to recycle. Tlic whole concept of manage- 
ment of a landfill has to come into play too. Because the materials come in totally mixed, the manner in 
which they’re handled and so forth really docs not lend itself very circctivcly for any type of organized 
approach to rccjding. This is a real basic problem in itself. 

13ERMAN: Un autre point mdritant d’etre soulignd cst qu’en France au moins— jc pense que e’est aussi 
\Tai aux Etats-Unis— jusqu’il y a trds peu dc temps, Ics industriels nc s’intdressaient pas h Icurs ddehets. Ils 
araient suffisamment dc probldmcs avee cc qu’ils considdraient comme Icur mdtier, e’est-J-dire produirc 
d’unc part, ct vendre d’autre part; dds qu’ils avaient irouvd unc solution satisfaisantc pour sc ddbarrasscr 
dc Icurs ddehets, pour nc plus avoir h penser h cc probldmc, ils diaient contents. La situation dtait la memo 
dans la plupart dcs Municipalitds: sauf quclqucs cas particulicrs, Ics Maircs vculcnt se ddbarrasscr du 
probldmc dcs ordures, mais ils sonl indiflercnts sur la mdthodc, sur cc que Ton fera avee. 

D’autre part jc voudrais poser unc question: il me scmbic qu'unc dcs raisons pour IcsqucIIcs I’cmplol du 
pdtrolc cst devenu si important — cn particulicr par rapport au charbon— cst que Ic pdtrolc cst liquidc, ct 
que tous Ics produits pdlrolicrs utilisds classiqucmcnt comme combustible sont dgalcmcnt liquidcs. Est<c 
que transformer Ic pdtrolc cn malicrcs plastiqucs, puis rdcupdrer I’dncrgic dcs matidres plastiqucs, nc risque 
pas dc fairc disparaitre cct avantage dc facilitd d’cmploi, ct done d’etre difficile d appliqucr, ou mCme peu 
intdressant dans certains cas? 

KEILING: J’ai peut-etre par rapport d bcaucoup d’entre vous I’avanlagc d’avoir vdcu la guerre ct la 
discttccuropdcnncqui cn cst resulted. Brusquement, vers Ic 18 juin 1940, 1'Europc cst passdc d’une pdriodc dc 
pldthorc d tous dgards d unc pdriodc dc discitc quasi instnntandc. A cc momcnt-ld, la pollution s’est effaede 
car tout cc qui dtait rejet dc la pdriodc dc pldthorc cst devenu utile dans la pdriodc dc discttc. On a vu se 
rucr tous Ics Europdens sur cc qu’ils ndgligcaicnt quclqucs mois auparavant. C’cst unc Icgon historique que 
nous avons vdeue d quelqucs-uns, Ics anciens, mais jc crois qu’il scrait utile dc s’inspircr, au point dc vue 
du rccyclagc, d tous dgards, dc la matidre organique comme dc la matidre mindralc, dcs lemons dc cetic 
pdriodc. Jc m’cxcusc dc dire ccla d nos amis d’Amdrique du Nord qui n’ont pas connu ccs temps difficilcs. 
Mais pour nous, nous nc sommes pas du tout surpris dc cc qui sc passe actucllcmcnt. En 1940, il n’y avait 
plus de sous-produits, plus dc rejet, pratiquement plus dc pollution. 

HAYES: We still not have answered Mr. Berman’s . . . 

PARIZEK: Another comment . . , perhaps why rco'cling has been slow to be adopted in the United 
States as I see it. In the state of Pennsylvania we have many large metropolitan areas that create large 
volumes of waste. These communities arc left with the impression that the technological advantages of 
recycling still do not exist, the economics of it arc still not of benefit to them. So they go to land disposal 
in what arc called sanitary landfills under the assumption that landfills are cheaper, that it’s a cheaper way 
for the moment to get rid of their problem — whether it’s a large city or a small city. The realities of burying 
waste, as we study these in detail, show us that there is a leachate problem associated with it which can 
bring about a serious pollution, although the word sanitaiy landfill implies no adverse effects to the en- 
vironment. The leachate problems, when investigated in detail, can cause serious damage to the ground- 
water supplies of an area. If you add now the cost of that leachate problem, you may find that land filling 
is not as cheap as some people were originally led to believe. Our research shows us that the landfill costs 
arc going to Iw greatly increased as soon as you look at the leachate problem and try to solve it. We have 
leachate being generated maybe for 10, 20, and maybe as much as 100 years from large sanitary landfills. 
The qualify of wafer is worse than that of raw sewage. The damage that this can cause to aquifers in a 
given area will greatly increase the cost. As an e.xamplc, right now in one municipality where a lawsuit of 
S2 million has been or soon will be taken on a group who maintained a landfill at the county level, a great 
amount of damage to an aquafer system and the cost of repairing the damage is immense in that example. 
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L’claboration d’un produit fini a partir d’unc mati6rc brute passe generalement par les trois 
stadcs succcssifs d’cxtraction, de transformation, de consommation qui sont chacun 
generateur dc d(5chcts divers. Ccs dcchets doivent etre dvacues, soft par abandon an milieu 
nature], soit au contrairc par rcinlroduclion dans les processus industriels de fabrication 
qui les valorisent. 

Sous ce dernier aspect, quels sont les fails les plus marquants de la recup6ration indus- 
triellc dcs rejets solides en France a I’licure actuelle? 

Au niveau des industries extractives, d’abord, on cstime que par an les mines produisent 
environ 42 millions dc tonnes dc ddehets et les carriercs environ 75 millions de tonnes 
(Groupe d’etudes, 1973). Une grande parlic cst ajoutee aux rcrablais deja existants, mais, 
dans ccrtaincs regions, la rarefaction dcs sites dc stockage, I’augmentation des charges du 
stockage lui-merac, rcpuiscraent dcs giscraents dc matdriaux traditionnels ont amen6 k 
reconsidcrer la question. 

Les HouillSres du Bassin du Nord et du Pas dc Calais, par exemple, qui disposent de 
plus de 500 millions de tonnes de schistes houillcrs en terrils, et chaque annee d’environ 
10 millions de tonnes de schistes d’extraction ou de lavage, ont recherch6 la valorisation de 
leurs steriles dans trois directions (Hanquez, 1973): 

— la vente en I’dtat du schiste tout-venant, comme mat^riau lourd de fondation et 
stabilisation (700000 tonnes en 1970); 

— la vente apres calibrage des schistes rouges, pour la decoration des espaces verts, le 
revetement et les fondations de voies de circulation (500 000 tonnes en 1970); 

— la fabrication de granulats legers artificiels de densite et dimension variables selon les 
usages: pour rdpondre en partie aux besoins potentiels de la region parisienne et du 
nord de la France estimes k 1 million de m^/an d’agregat 16ger, une usine de 1 000 m®/j 
de capacite sera operationnelle au d6but de Paim^e 1975. 

Autre exemple similaire, celui de I’utilisation des sous-produits d’exploitation du mineral 
de fer lorrain (Deschryver, 1972): une societe filiale de la soci6te USINOR a determine que 
les caracteristiques chiraiques et granulometriques de ses rejets permettaient de les ecouler 
directement comme materiau de confection de routes, de drains ou de canalisation, comme 
correctif chimique en cimenterie, comme substitut du sable a b6ton. Elle a meme cherche 
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k fabriquer des produits d6rivds 61abor6s, tel le “stdrile-laitier”, mdlange de sterile tout- 
venant, laitier granule, chaux grasse, propose pour les couches de fondation de chaussees. 
Ainsi, grace k cet effort de promotion technique et commerciale, 700 a 1000 t/j de rejets 
trouvent un ddbouch6 dans divers secteurs d’activit6, 

Dans un cas comme dans I’autre, Tutilisation des rejets d’extraction offre les memes 
particularities: elle est g^ographiquement limitde aux rdgions ou des contraintes de stockage 
d’ordre dconomique et dcologique s’ajoutent k des besoins d’approvisionnement en mate- 
riaux bon marchd de grande consommation. Elle commence alors a se developper dans un 
cycle court de production dont la mise en place necessite: 

— une connaissance minimum des propridtds des materiaux a dcouler (granulometric, 
densitd, porositd, composition chimique . . 

— un traitement simple prdalable adaptant la qualitd a la demande (homogeneisation, 
preparation mdcanique) et facilitant les reprises (stockage, manutention). 

Elle peut enfin dvoluer vers des applications plus elaborees suivant la decouverte de 
possibilitds nouvelles offertes non seulement par les produits mais encore par le marche. 

Au niveau des industries de transformation, la diversity des activites est si grande que les 
quantites de ddchets correspondantes sont tres mal connues. Differentes operations de 
recensement laissent supposer une valeur supdrieure a 7 millions de tonnes et probablement 
proche de 11 millions de tonnes, dont environ les 2/3 seraient des dechets solides (Groupe 
d’etudes, 1973). 

Dans ce domaine, la rdcupdration intervient de deux manieres: d’une manidre specifique 
au type d’industrie d’abord, d’une maniere specifique au type de produit ensuite. 

Le premier cas peut etre illustrd par des exemples empruntes a I’industrie chimique, a la 
siderurgie, a I’industrie dnergdtique. 

L’industrie chimique est typique d’une activity de transformation pour laquelle la pro- 
duction de dechets est indvitable: la plupart des reactions chimiques en effet utilisent 
plusieurs sortes de matidres premieres, mais foumissent des composes parmi lesquels, le plus 
souvent, un seul est necessaire a la suite des opdrations. 

C’est ce qui se passe dans I’attaque des phosphates tricalciques naturels par I’acide sul- 
furique, oh la reaction donne, associee a I’acide phosphorique, du sulfate de calcium 
dihydrate appele “gypse artificiel” ou “phospho-gypse” (Fontanille, 1973). Rejete dans les 
eaux, ce produit va se solubiliser plus ou moins rapidement, mais finit par constituer un 
depot de sulfate sur les fonds et les berges nuisible au developpement de la flore et de la 
faune aquatiques. II s’agit la d’une atteinte serieuse au milieu naturel, puisque chaque 
tonne de RgOg obtenue ndcessite trois tonnes de phosphates naturels et entraine le rejet de 
quatre tonnes de sulfate de calcium, soit, pour la France, une production annuelle de gypse 
artificiel estimee a 3 millions de tonnes a moyen terme. 

Parmi les solutions etudiees pour differentes usines d’acide phosphorique, il convient de 
citer une experience de valorisation et recuperation du gypse synthetique par fabrication de 
carreaux de plhtre. Cette experience a ete lancee dans la region Rhone-Alpes ou I’expansion 
de I’industrie du bhtiment et le manque de gisement important de gypse naturel offrent un 
marche potentiel int^ressant: une installation pilote de 120 t/j de capacite a ainsi montre 
que des elements prefabriques de platre artificiel peuvent etre prepares dans des conditions 
economiques satisfaisantes. Restent encore a preciser certains aspects d’epuration et 
d’utilisation avant extrapolation h I’echelle industrielle et dans des contextes r6gionaux 
autres. 

Dans le secteur siderurgique, I’importance ponderale de certains dechets est egalement 
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caractdristique: selon Ics procdd^s d’afBnage et de moulage, il faut par exemple compter 
de 300 a 900 kg dc laiticr par tonne de fontc, ce qui, pour I’ensemble de la France, donne 
une production annuelle dc I’ordre de 14 millions de tonnes. 

Que Ics laiticrs soient obtenus par trempe dans I’eau ou par refroidisseraent lent, ils sont 
dc moins en moins mis cn crassier, puisque leur taux d’utilisation est passe de 60 a 86% 
entre 1960 ct 1970 (Kunicki, 1972). 

Le laiticr granule, dc structure vitreuse, trouve un debouche remarquable dans la fabri- 
cation des ciments ct la construction dcs assises dc chaussees en raison de ses proprietes 
hydrauliqucs ct pouzzolaniqucs particulicrcs (4,8 millions de tonnes en 1970). 

Lc laiticr concassc, dc structure cristallisdc, voit son domaine d’utilisation partage entre 
les granulats pour betons, Ics graves artificiclles pour routes, les calibres pour ballasts 
(plus de 5 millions de tonnes en 1970). 

Les laitiers dc liaut fourneau connaissent d’autres cmplois qui consomment des tonnages 
plus faiblcs que les precedents, mais risquent de se dcvelopper dans ravenir; ils servent 
ainsi a fabriquer dc la lainc mincrale, dcs verres, dcs materiaux vitro-cristallins. 

Dans CCS conditions, la valorisation dcs laiticrs olTrc dcs avantages indeniables; a court 
terme, clle entraine une incidence economique non ncgligcable sur le prix de revient de la 
fonte cn supprimant d’abord lc stockage ct cn procurant ensuite des revenus supplemen- 
taircs; i plus long terme, die rcprcscntc une nouvcllc rcssource cn materiaux qui peuvent 
ctre substitucs a certaines maticrcs premieres. 

La recuperation dcs cendres volantcs dcs centrales thermiques merite un interet com- 
parable: sur 3,8 millions dc tonnes produites cn 1970 en France, 3,4 millions de tonnes ont 
ete vendues, soit pres dc 90% entrant dans (Hanquez, 1973; Jarrige, 1971): 

— la preparation des liants hydrauliqucs ct la fabrication de pate a ciment (consom- 
mation en palicr vers 1,3 million dc tonnes depuis 1965); 

— Ics Iravaux routiers ct remblais selcctionncs (forte progression de la demande, 
passant cn dix ans dc 12000 tonnes a presque 2 millions de tonnes et obligeant a des 
reprises importantes cn tcrrils); 

— la production de betons ccllulaires ct d’agregats frittes (marche d’environ 100000 
tonnes). 

L’exploitation dcs proprietes des cendres volantcs en remplacement des materiaux 
courants atteint maintenant un degr6 tel qu’il est question de prendre des dispositions 
particulicrcs pour cn garantir I’approvisionnement. Renversement complet de situation, 
ces rejets deviennent un produit rare ct seront mcme r6ser\’es a des usages de plus en plus 
nobles. 

Comme on le constatait deja pour les industries extractives, la recuperation de dechets 
specifique au type d’industrie de transformation ne peut cependant etre realisee qu’apres 
que soient acquises les caracteristiques particulieres au materiau et que soit pris en compte 
I’ensemble des facteurs exterieurs de developpement, facteurs geographiques, economiques, 
administratifs, humains. 

Quant a la recuperation de dechets specifique au type de produit d’industrie de trans- 
formation, elle releve du domaine classique des industries et commerces de la recuperation, 
regroupees en quatre divisions traditionnelles: les vieux papiers, les textiles, les ferrailles, 
les nonferreux, auxquelles depuis quelques temps une division des plastiques a ete ajoutee. 
Le poids de cette activite dans I’economie nationale est notable puisque, employant 35 000 
salaries, elle totalise un chifire d’affaires de 10 milliards de francs et se classe au 6eme ou 
7eme rang de I’industrie. ' 
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Obdissant h des imperatifs commerciaux evidents, elle concerne surtout les dechets de 
fabrication, parfois de consommation, qui sont les plus facilement accessibles et valorisables. 
En 1972, elle a permis ainsi de recycler; 

— 1,6 million de tonnes de vieux papiers dont peut-etre 50000 tonnes de chutes de 
fabrication, pour une consommation de 5,4 millions de tonnes; 

— 8,4 millions de tonnes de ferrailles comprenant environ 2,5 miUions de tonnes de 
chutes neuves, pour une consommation de 18,5 millions de tonnes d’acier; 

— 105 000 tonnes de dechets d’alumim'um avec une proportion en dechets neufs de 
I’ordre de 50% pour une consommation depassant 5000 000 tonnes; 

— emiron 150000 tonnes de dechets de cuivre sur une consommation de presque 
500 000 tonnes. 

Mais les taux de recuperation de la plupart des dechets seraient augmentes fortement si 
la profession suivait les exemples evoques precedemment a propos d’autres secteurs in- 
dustriels. Depassant le stade actuel d’exploitation des sources les plus immediates de 
dechets, elle pourrait notamment developper son activite en mettant en valeur de nouveaux 
domaines d’approvisionnement, comme les ordures menageres. 

A I’actif d’un tel programme, il aurait ete ainsi possible d’inscrire, pour I’annee 1971, 

— xme economie directe de matieres rapportant: 

. 500 millions de francs pour la totalite des ordures menageres, 

. presque 400 millions de francs pour la fraction collectee, 

. plus de 200 millions de francs pour la fraction destinee a un procede de traitement 
industriel; 

— ime economie indirecte d’energie s’elevant a: 

. 14 milliards de k'Vl'h pour la totah’te des ordures produites, 

. 11 milliards de kWh pour la fraction collectee, 

. 6 miUiards de kWh pour la fraction trait6e, 
c’est-a-dire respectivement 9%, 7%, 4% de la consommation nationale de I’annee con- 
sideree. 

Mais au passif d’une operation de ce genre intervient I’importance des capitaux necessaires 
tant aux recherches techniques qu’aux installations industrielles. Le marche de la recupera- 
tion etant caracterise par une instabilite des cours chronique, les investissements risquent 
d’y etre difficiles. Des mesures de reglementation, de reorganisation seront done indis- 
pensables a I’amelioration des conditions de developpement dans ce domaine. 

En conclusion de cette representation de divers aspects de recuperation des rejets soh'des 
en France, il est interessant d’analyser ce qui fait Toriginalite d’une telle entreprise dans ses 
motivations et son action. 

La situation actueUe montre que I’utilisation des dechets a d’abord ete motivee par des 
raisons commercials : selon la valeur et la nature des materiaux, leur recuperation est 
determinee par les besoins d’un marche d’importance regionale, nationale ou meme In- 
ternationale qui subit I’influence du marche des matieres premieres, de la speculation, de la 
concurrence. Mais depuis quelques annees, la lutte centre les nuisances pent introduire de 
nouvelles possibilites d’echanges economiques en incitant a valoriser des produits jusqu’alors 
marginaux. 

La remise en circulation des dechets recuperes depend de leur qualite et s’effectue de 
deux manieres distinctes. Pom: les materiaux qui sont plus des co-produits d’industries 
d’extraction ou de transformation que des biens uses, il s’agit surtout d’une insertion dans 
xm cycle d’elaboration simplifie analogue a celui d’une matiere premiere. Pour les autres 
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dechets, il en va difieremment: leur cycle d’utilisation se deroule en sens inverse puisque, 
partant d’une matiere elaborce ou pre-elaborde, il la ramene a un stade de transformation 
oil elle est purifiee, renov^e avant d’etre a nouveau consommee. Mais, dans un cas comme 
dans I’autre, les industries de recuperation se heurtent jSnalement aux tendances de con- 
sommation qui diversifient considerablement leurs activites et peuvent imposer a leurs 
produits un alignement qualitatif pas toujours justifie sur les produits fabriques a partir 
des matiercs premieres. 

Et ce sont essentiellement ces faiblesses de planification de marche, d’organisation de 
structure, qui devront etre surmontees pour que la recuperation des dechets atteigne un 
niveau superieur de ddvcloppemcnt et devienne le remede principal au gaspillage et a la 
pollution. 


SUMMARY 

An overview of the French resource recovery situation and trends is presented, with 
examples related to mining wastes, phosphogypsum, iron making slags, and post-consumer 
materials. 


REFERENCES 

Deschry\*cr, A. (1972) Utilisation des produits ddrivds du traitement de la minette lorraine. Journies d'itudes 
dc la Societd dc I’ Industrie Miniralc (a\TiI 1972). 

Fontanilic, P. (1973) Valorisation du sulfate de calcium provenant de la fabrication de I’acide phosphorique. 
Annalcs dcs Mines, pp. 79-82 (mars 1973). 

Gony, J. N. (1974) Production, traitement, recuperation des ordures minagires en France: situation actuelle 
et perspectives (revolution. Groupc intcrminist6ricl d’dvaluation de I’cnvironnement (jan. 1974). 

Groupc d'dtudcs pour I'dlimination dcs rejets solidcs (1973) Les Ddchets solides: proposition pour ime politique. 
Ministfcrc dc renvironnement, nos'. 1973. 

Hanquez, E. (1973) Utilisation dcs dcchcts industricls dans les travaux routiers. Revue de V Industrie Minerale, 
pp. 16-18 Gan. 1973). 

Kunicki, M. (1972) Lc laiticr dc haut-fourncau: production ct cmplois. Journees d'dtudes de la Societe de 
V Industrie Mindrale (avril 1972). 

Jarrige, A. (1971) Les Cendres volanics: propridlis, applications industrielles. Editions Eyrolles, Paris, 1971. 




STATUS OF MUNICIPAL REFUSE PROCESSING 
IN THE UNITED STATES 


Kenneth B. Higdie 

Chief, Division of Solid H^asfcs, Bureau of Mines, 
U.S. Department of the Interior, Washington, D.C. 


I have been asked to describe to you what the United States is doing to treat municipal 
urban refuse and to recover the valuable constituents therein. During the past few years 
there has been a major effort made in the United States to overcome the mismanagement 
of solid wastes wliich has resulted in land, water, and air pollution as well as in the irre- 
vocable loss of enormous quantities of metal, mineral, and energy resources. Throughout 
the counir)’ many organizations arc trying to develop new, cnicicnt, and effective solid- 
wastC'disposal practices. There is also a search for a total systems approach to recover and 
recycle the values in these wastes to defray the rising costs of their disposal. 

Equally as important as the concept of development of a total systems approach to 
solid-wastes problems is that of preventing environmental pollution. There is an under- 
standing that wherever possible, each new industry', factor>', or public utility must incor- 
porate in its place of operation a sound system of solid-waste utilization and/or disposal. 

Generation of solid wastes in the United States from alt sources can be broadly classified 
into six major groups: urban, industrial, mineral, agricultural, automotive, and powcrplant 
fly ash. Estimates of urban waste vary depending upon calculation methodology. The 
Bureau of ^^incs estimates that a total of 4.6 billion tons of wastes arc generated each 
year; about 300 million tons come from domestic, municipal, and commercial sources; 
industrial operations produce another 1 10 million tons; 2.5 billion tons come from agricul- 
tural sources; mining operations yield 1.7 billion tons; and 30 million tons of fly ash 
accumulate as a result of power generation. In addition 9 million cars, buses, and trucks 
arc junked annually in the United States, and probably over 15 million junk cars can be 
found in auto graveyards as well as wrecking and scrap-processing yards. Wastes generated 
throughout the country amount to over 120 pounds per capita per day. By 1980 we expect 
that this figure will increase to at least 150 pounds per capita per day. 

We arc only beginning to utilize these solid wastes. Tlmoughout tlic United States, only 
about 160 million of the 300 million tons of municipal refuse is regularly collected by 
public agencies and private refuse firms. The remaining 140 million tons is still being 
abandoned, dumped at the point of origin, or hauled away by the producer to uncontrolled 
disposal sites. The collected wastes include among other things 55 million tons l-naper 
and paper products, 12 million tons of iron and steel, 13 million tons of 1 ^ 
million tons of aluminum, zinc, lead, tin, and copper. Many consi 1 
be “urban ore” since it represents an ever-increasing resource of = 
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Such material, if recycled from post-consumer solid wastes, could provide 7 % of the iron 
and steel, 18% of the aluminum, 20% of the tin, and 14% of the paper consumed annually 
in the United States. While these percentages represent the practical potential for resource 
recovery to provide new material supplies, actual recovery levels will be constrained by 
technical, economic, and institutional factors. 

Over the years this urban ore has been primarily discarded in the United States in open 
dumps and landfills. By 1972 only about 30 million tons of refuse was being incinerated in 
over 200 municipal incinerators. Use of this method of discarding refuse has been slowly 
increasing as municipalities began to exliaust the land available for dumping purposes. 
On the average, a city of 10,000 generates enough refuse each year to fill 1 acre of ground 
7 feet deep. When this refuse is incinerated the volume is decreased by 90 %, and the weight 
is decreased by about 75 %. 

Burning refuse to generate steam in the United States dates back to 1889 when a refuse- 
burning steam generator was built in New York. During the past few years there have been 
at least twelve steam-generating incinerators operating in this country, utilizing the roughly 
5000 Btu per pound of energy contained in the refuse material. However, units in Atlanta, 
Ga., and Miami, Fla., were recently closed because of air-pollution problems. Several new 
facilities are now being constructed. A list of the incinerators in the United States having 
major heat-recovery ability are presented in Table 1. The table does not list the basic 
incinerators where refuse is simply burned to reduce the volume of wastes being discarded. 


Table 1. Incinerators with major heat-recovery features 


Location 

Type of 
installation 

Design refuse 
capacity 
(tons/day) 

Heating value of 
refuse (Btu/lb) 

Atlanta, Ga. 

Volund" 

700 

3900 

Boston, Mass. 

Water-wall" 

1200 

4500 

Braintree, Mass. 

Water-wall 

240 

5000 

Chicago, 111. (Southwest) 

Refractory 

1200 

— 

Chicago, 111. (Northwest) 

Water-wall 

1600 

5000 

Harrlsburgh, Pa. 

Water-wall" 

1600 

— 

Hempstead, N.Y. (Merrick) 

Refractory 

700 

4300 

Hempstead, N.Y. (Oceanside) 

Refractory 

600 

4500 

Miami, Fla. 

Refractory'’ 

900 

— 

Nashville, Tenn. 

Water-wall" 

1300 

— 

Norfolk, Va. 

(U.S. Naval Station) 

Water-wall 

360 

4700 

Oyster Bay, N.Y. 

Refractory® 

— 

— 

Philadelphia, Pa. 

(Harrowgate) 

Refractory" 

300 


Providence, R.I. 

Refractory" 

““ 



“ Under construction. ^ Closed temporarily. 


With passage of the Solid Waste Disposal Act of 1965, the Federal Government became 
fully involved with municipal waste management, and initiated studies and demonstration 
funding of potential recovery processes and systems. Since that time there has been a kind 
of technological revolution underway in the United States, with many organizations 
attempting to develop methods for separating and recycling to the economy the useful 
materials in refuse. The U.S. Bureau of Mines was among the first government agencies to 



STATUS OF MUNICIPAL REFUSE PROCESSING IN THE UNITED STATES 


189 


initiate research activities and has developed two separate systems for processing incinerator 
residues and unbumed refuse into their component products. The Environmental Protec- 
tion Agency was eventually singled out as the avenue through which large-scale resource- 
recovery demonstration projects would be funded, and at present EPA is supporting six 
of these projects, each of which is coordinated with a State or local government. The six 
systems have different features, but all are designed to recover the mineral and metal values 
found in municipal refuse. Four of the systems have provisions either to utilize the com- 
bustible fraction as a direct source of heat or to convert it into oil, gas, or char which can 
be used as a supplement in existing oil, gas, or coal-burm'ng facilities. Table 2 briefly 
describes each of these demonstration projects. Two of the demonstration plants have been 
completed and are in operation. The other four are either in tlie final planning stage or now 
under construction. The costs and sources of funds for these projects are given in Table 3. 


Table 2. Federal resource recovery demonstration projects 


Location 

Process type 

Resources recovered 

Size 

(tons/day) 

Lowell, Mass. 

Incinerator residue separation 

Ferrous metals, glass, aluminum, 
copper/zinc 

250 

Franklin, Ohio 

Wet pulping for recovery 

Paper fiber, ferrous metals, glass, 
alurm'num 

150 

St. Louis, Mo. 

Shredded waste as a fuel 

Shredded combustible waste, 
ferrous metals 

650 

Wilmington, Del. 

Shredding for fuel recovery 
and materials separation 

Humus, humus as fuel, ferrous 
metals, aluminum, glass 

500 

San Diego, Calif. 

Pyrolysis to produce fuel 
oil-steam 

Oil, ferrous metals, ^ass, 
aluminum 

200 

Baltimore, Md. 

Pyrolysis to produce gas-steam 

Steam, ferrous metals, glassy 
aggregate 

1000 


Table 3. Funding arrangements for demonstration tests (approximate) 


Test site 

Private 

funds 

State or 
municipal 
funds 

Federal 

funds 

Total project 

Lowell, Mass. 

S— 

$800,000 

$2,400,000 

$3,200,000 

Franklin, Ohio 

350,000 

650,000 

2,100,000 

3,100,000 

St. Louis, Mo. 

950,000 

350,000 

2,600,000 

3,900,000 

Wilmington, Del. 

— 

4.760,000 

9,000,000 

13,760,000 

San Diego, Calif. 

450,000 

600,000 

2,960,000 

4,010,000 

Baltimore, Md. 

— 

10,200,000 

6,000,000 

16,200,000 


Lowell, Mass. The principal objective of this project is to demonstrate that the valuable 
components of incinerator residue can be economically recovered. The city of Lowell will 
build a full-size processing plant capable of handling 250 tons of incinerator residue in 
18 hours. Raytheon Service Corp. has the responsibility to design and operate the plant 
the first year; thereafter responsibility may transfer to the city of Lowell. F 
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Lowell and several neighboring communities will be processed in the facility. The tech- 
nology employed in the demonstration plant will be based upon that developed by the 
Bureau of Mines in a pilot plant at College Park, Md. The process uses basic mineral 
beneficiation equipment. The residue is shredded to minus 1 inch size, passed over a magnet 
separator to remove ferrous metals, and wet-screened on 20-mesh sieves to remove the bulk 
of the sand and glass. The coarse is reground and subjected to another 20-mesh screemng. 
The bulk of the nonferrous metals remain larger than 20-mesh while the glass, being more 
friable, is readily ground to smaller particles. The fines are sent to a flotation cell where the 
glass is removed from ceramic and other impurities. The aluminum is removed from the 
coarse nonferrous product by heavy-media separation. The Lowell plant will recover more 
than 40,000 tons of products— steel, nonferrous metals, and glass from incinerator residues 
annually. With the major increase in scrap metal prices early in 1974 the expected revenue 
is now over $1.1 million. The Bureau published an economic evaluation of the process 
based on its pilot plant experience and estimated the various products to be worth $22 
per ton of incinerator residue processed. With operating costs of $4 per ton of input, the 
Bureau indicates a net gain of $18 per ton can be expected. 

Franklin, Ohio. The project demonstrates a wet refuse-disposal and resource-recovery 
system capable of processing municipal refuse and producing metals, color-sorted glass, 
and paper fiber in a recyclable form. The Black-Clawson Co. designed and built the 150- 
ton-per-day plant for the city of Franklin. The basic feature of the disposal system consists 
of a hydrapulper, a wet grinder that pulps the incoming refuse. Odd bits of metal, tin, cans, 
and other nonpulpable and nonfriable materials are ejected from the hydrapulper through 
an opening in the side of the tub and sent to a magnetic separator to recover the ferrous 
metal portion. A liquid cyclone takes the pulped waste from the hydrapulper and extracts 
small heavy objects, mostly glass intermixed with some nonferrous metals, wood, and 
plastics. The remaining pulp passes from the liquid cyclone into a fiber recovery subsystem, 
where the pulp undergoes further cleaning and dewatering. The final product consists of 
low-grade, long-fiber paper pulp suitable for recycling. Rejected short-fiber paper pulp is 
piped to an incinerator for disposal. This incinerator is also being used to bum filtered 
sewage sludge from an adjacent sewage-treatment plant. The heavy materials from the 
liquid cyclone are processed in a separate subsystem employing magnetic separation, 
screening, air classification, and optical sorting to produce an aluminum-rich concentrate 
and color-sorted glass. Revenue from the products collected is estimated at $6.50 per ton 
of input refuse. Operating costs are estimated at $15.10 per ton for a net cost of $8.60 per 
ton of refuse treated. 

St. Louis, Mo. In this project the combustible fraction of urban refuse is separated and 
utilized as a partial fuel supplement for the suspension burning of coal in a commercial 
power plant. Two facilities are involved in the test studies. The City of St. Louis operates a 
650-ton-per-day municipal waste-processing facility, located adjacent to one of their 
municipal incinerators while the Union Electric Company operates the fuel-firing facility. 
In the separation facility incoming refuse is shredded l|-inch particle size. The shredded 
waste is air classified into two fractions: a “fight” combustible waste fraction containing 
about 80% of the incoming waste, and a “heavy” waste fraction containing metals, glass, 
rocks, rubber, and heavy plastics. Ferrous metals are separated from this latter fraction by 
magnetic separation. The fight combustible waste fraction is trucked 18 miles to the Union 
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Electric Co. Meramec power plant where the fuel is pneumatically fed, at the rate of 10-15 % 
of the boiler’s fuel requirement, to an existing 125-megawatt suspension-fired boiler. The 
primary boiler fuel is coal. Operation experience has shown that approximately 2 tons of 
light refuse can replace 1 ton of coal in supplying heat to the boiler. Economic projections 
indicate a net cost to the City of St. Louis of $4 per ton of refuse processed after selling the 
ferrous fraction and the fuel supplement and sending the remainder to landfill. There is a 
savings of $3 per ton of fuel replaced expected by the Union Electric Co. The company is 
considering expanding its operation to permit burning of light combustibles in each of the 
four boilers at the Meramec power plant. This could involve the processing of 8000 tons 
of refuse daily. The current demonstration project has both national and international 
attention. 

Wilmington, Del. Here it is planned to demonstrate that the combustible fraction in 
municipal refuse can be utilized as a supplement in oil-fired boilers, either directly or as a 
composted material. The State of Delaware has operational responsibihty for this facility. 
This process is not completely designed at the present time. It is planned to treat 500 tons 
of municipal refuse, 15 tons of industrial waste, and 230 tons of 8 % solid sewage sludge 
daily. Incoming municipal refuse will be shredded to a 6- to 8-inch particle size. The shredded 
waste will be air classified into two fractions: a “light” combustible waste fraction con- 
taining about 60-75 % of the incoming waste, and a “heavy” waste fraction containing 
metals, glass, wood, plastics, textiles, rubber, and rocks. The light fraction will be shredded 
again to a 1- to 2-inch particle size. Most of the reshredded light fraction will then be sent 
directly to a power plant for use as supplemental fuel in oil-fired boilers. The remaining 
light fraction will be mixed in aerobic digesters with partially dewatered sewage sludge for 
use as supplemental power-plant fuel, or compost, or both, depending upon market con- 
ditions. The heavy fraction will be processed to remove ferrous metals, and the remaining 
heavies (nonferrous metals, glass, wood, leather, plastics) will be mixed with selected in- 
dustrial wastes (wood, cardboard, plastics) and pyrolyzed. Heat from the pyrolysis gases 
will be used to help dewater the sewage sludge. Aluminum and glass wiU be recovered from 
the pyrolysis residue. The remaining residue goes to landfill. It is anticipated that the pro- 
ducts from this system will be valued at S7 per ton of raw solid waste treated. The net cost 
of the process will be sh'ghtly over $15 per ton of waste processed. 

San Diego, Calif. This study is to be undertaken to determine how the light combustion 
fraction of municipal solid waste can be flash pyrolyzed to an oil product and used as a 
supplementary fuel in an existing power-plant boiler. The test program is still in the design 
stage, and construction of the 200-ton-per-day plant has not begun as yet. The County of 
San Diego w^ill have operational responsibility for the system. The key feature will be a 
flash pyrolysis unit developed by the Garrett Research and Development Co. Based on 
pilot plant studies, slightly more than 1 barrel of low-sulfur oil can be obtained from each 
ton of raw municipal refuse. The plan is to first shred the refuse to 3-inch particle size and 
then separate it rriechanically into light and heavy fractions. The light material will be dried 
and shredded further to a fine particle size prior to flash pyrolysis at a temperature of about 
900°F. An oil-like liquid with a heat value about 75 % that of No, 6 fuel oil can be con- 
densed from the pyrolysis gases. The oil-like liquid will be used as supplementary fuel in 
an existing San Diego Gas and Electric Co. boiler. The heavy waste fraction will be pro- 
cessed further to separate ferrous metals by an electromagnet, aluminum by a new process. 
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and glass by froth flotation. Initial estimates indicate the net value of the products from the 
system to be around $4 per ton of refuse, net cost of the process to be almost $6 per ton 
of refuse. 

Baltimore, Md. This project is designed to demonstrate that refuse can be converted into 
a gas which in turn can be utilized as a fuel supplement in the generation of steam. The 
city of Baltimore will own and operate a pyrolysis plant developed by Monsanto Enviro- 
Chem Systems, Inc. Monsanto has designed and is now constructing the system, known as 
the LANDGARD process, under a turn-key contract with money-back performance 
guarantee provisions concerning plant operation, the ability of the plant to meet both 
local and Federal air-quality standards, and the putrescible content of the residue (must be 
less than 0.2%). Monsanto’s maximum pay-back liability is $4 million, or about 25% of 
the contract price. Construction of the plant is now underway and is expected to be complete 
by the end of 1974. The plant is designed to handle mixed municipal refuse including tires 
and white goods. All incoming waste is to be shredded to a 4-inch particle size and then 
conveyed to a rotary pyrolysis kiln. About 7 gallons of No. 2 fuel oil per incoming ton of 
waste will be burned to provide heat for the pyrolysis reaction. In addition, about 40% of 
stoichiometric air will be added to the reactor to allow some of the pyrolysis gases to bum 
and add additional heat to the unit. The pyrolysis gases leave the kiln and then are com- 
busted in an afterburner. The hot afterburner exhaust gases pass through waste-heat 
boilers that generate 200,000 lb of steam per hour for sale to the Baltimore Gas and Electric 
Co. The steam will be used eventually for heating buildings in downtown Baltimore. The 
pyrolysis residue will be water quenched and passed over magnetics to remove the ferrous 
metals. Water flotation and screening processes will separate a glassy aggregate fraction 
which is planned for use as an aggregate with asphalt for street construction, The final char 
residue goes to landfill. It is estimated that about $4.50 per ton of input waste will be 
obtained from the sale of steam, ferrous, and glassy fractions. Net cost of the project is 
estimated at slightly over $6 per ton of refuse processed. 

Other systems. There are several other systems under investigation at the present time 
for which demonstration projects have not been committed or contracted for. 

U.S. Bureau of Mines. The Bureau has been operating a pilot plant capable of treating 
5 tons of unburned municipal refuse per hour at its College Park, Md., research center. 
The process under investigation involves first flail-shredding the refuse to something less 
than 8 inches in size in a flaiUng mill, passing the shredded material past a belt magnet to 
remove the ferrous metal, then passing the nonmagnetic material through a horizontal air 
classifier. In this apparatus the nonmagnetics are divided into a heavy nonferrous fraction, 
a light combustible fraction, and a mixed middling fraction. The middling fraction is fed 
into a rotating trommel screen with i-incb boles. The bulk of the glass and putrescibles fall 
through the screen and are separated in a mineral jig. The oversize materials, primarily 
nonferrous metals, heavy paper, cardboard, and large pieces of glass, pass through to a 
secondary shredder where they are reduced to less than 1 inch in size before dropping into 
a second air classifier of the zig-zag variety. Here the remainder of the light combustibles 
are removed from the mixed glass and metal heavies. The latter can be separated by electro- 
static separation. Further development is under way to improve product recoveries and 
separation of the nonferrous metals. The initial flail-type shredder makes the tin cans 
especially suitable for detinning since the cans are not compacted excessively, but average 
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10 Ib/ft® in density. The overall process is expected to be ready for demonstration testing 
by mid-1975. 

Combustion Power Co. This company has been developing a system for converting 
municipal refuse into gases which will directly drive a turbine connected to an electrical 
generator. Known as the CPU-400 project, the system is still in its pilot plant phase. After 
burning, the refuse is sent to a landfill. Before entering the turbine the exhaust gases from 
the burm’ng zone must be thoroughly cleaned to a degree at least 10 times that which is 
allowed by Federal regulations for exhausts from municipal sohd-waste incinerators. This 
degree of cleanliness is necessary in order to reduce the likelihood of eroding or corroding 
the surface of the turbine blades. The extreme degree of exhaust gas cleanliness required 
has proven to be one of the major technical hurdles over the past several years. Still another 
problem lies in the buildup of deposits on the turbine blades in spite of a high degree of gas 
cleaning. The process is not being tested outside of Combustion Power’s facility in Menlo 
Park, Calif. 

National Center for Resource Recovery. This organization is developing what they cal- 
an “Equipment Test and Evaluation Program” in conjunction with the District of Columl 
bia’s Department of Environmental Services at the District’s refuse incinerator facility. The 
program is intended to produce performance data on resource-recovery equipment and 
unit operations, including air classifiers, and rising current and magnetic separators. Also 
it is planned to develop data on the preparation of a refuse-derived fuel. Aside from this 
test and evaluation program NCRR has contracted with the City of New Orleans to 
furnish advice and technology for the construction of a prototype municipal solid-waste 
processing facility, capable of treating 650 tons per day of residential refuse. It is planned 
to shred the refuse and air classify it into light and heavy fractions, with the light fraction 
to be used as a sanitary landfill or as a fuel source. The heavy fraction will be magnetically 
separated to recover ferrous metals. Small pieces of mixed glass will be screened out. High- 
density, heavy-media will be utilized to separate the large pieces of glass and aluminum 
from the other nonferrous metals. The mixed glass and aluminum will be separated electro- 
statically, and the glass fraction will be optically color-sorted. Construction of the prototype 
plant had not begun by niid-1974. 

Union Carbide Corp. The Linde Division of Union Carbide Corp. of New York is 
presently constructing a 200-ton-per-day module of their Purox solid-waste pyrolysis 
system in Charleston, West Va. The plant is intended to be operated in 1974. In the Purox 
process, refuse is fed into an air-locked feed hopper without prior shredding or other pre- 
processing. Then it is slowly fed into a vertical shaft pyrolysis um’t. Oxygen is fed into the 
unit beneath the pyrolyzing refuse to provide gas for combustion. The use of pure oxygen 
as compared to air reduces the air-handling volumes and subsequently reduces the size of 
the air-pollution-control equipment required. According to Union Carbide’s laboratory 
data, the volume of the refuse will be reduced by 95-98 %, and a combustible off-gas will 
be produced. This off-gas has a heat value of 300 Btu per scf, compared with 1000 Btu per 
scf for natural gas. Over 80% of the fuel value of the original refuse (valued at 5000 Btu 
per pound) is expected to be recovered in the off-gas generated in this process. 

Combustion Equipment Assoc., Inc. This firm, in conjunction with the North American 
Incinerator Corp. of Boston, Mass., has designed and is now constructing a 600-ton-per-day 
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municipal refuse processing plant for treating solid waste from Brockton, Mass., and other 
nearby communities. The refuse is to be shredded and air classified, and the ferrous fraction 
magnetically separated. The light fraction will be reshredded and further processed to 
produce a combustible “Echo-Fuel” which has a heat value of 6900 Btu/lb. The company 
plans to transport this fraction to markets within a radius of approximately 75 miles where 
the fuel win be converted into steam. The residue from the separation process, primarily 
nonferrous metals, glass and dirt, is to be sent to a nearby landfill. Combustion Equipment 
Assoc., Inc., has recently been awarded a contract by the State of Connecticut to construct 
a resource recovery facility in the City of Berlin. The size of this plant is intended to be 
1500 tons per day. 

Garrett Research and Development Corp. Aside from its EPA demonstration project in 
San Diego, Calif., this firm w'as awarded a contract by the State of Connecticut in May 1974 
to build a 1200-ton-per-day municipal solid-waste-processing plant in Bridgeport, Conn. 
The plant will employ the basic Garrett technology. 

By midyear 1974, there were over a dozen additional facihties planned for an equal 
number of cities throughout the United States. None of these facilities has progressed 
sufficiently to warrant individual description. With such activities taking place in this 
country, there is httle doubt that the era of discarding our municipal solid waste is rapidly 
passing, and the time when these wastes will be utilized as useful urban ore is drawing 
nearer. There is little doubt that this trend also wall soon be evident in Europe since several 
experimental processes are now being investigated in Spain, France, England, and The 
Netherlands. 


UTILIZATION OF SOLID WASTE IN SPAIN 


Jorge SAnchez Almaraz 


INTRODUCTION 

The problems of utilization of solid-waste material has been taken up seriously in Spain 
in both research and industrial aspects. The following projects illustrate this assertion; 

Research on Solid Waste Recycling is sponsored by E. N. Adaro through their Research 
Center in Madrid, where they have installed a pilot plant for the treatment of urban 
raw refuse. 

Solid Waste Management Plans to obtain information and data regarding the generation 
of urban and industrial wastes are being conducted by different official organisms 
and private firms. 

An Incinerator Plant for electric energy recovery is under construction in the city of 
Barcelona. 


INSTALLATION AND RESULTS OF THE FIRST SPANISH PILOT PLANT 

FOR THE TREATMENT OF RAW REFUSE FROM MADRID WITH USBM 

TECHNOLOGY 

A httle more than a year ago, under the Plan for Scientific and Technical Cooperation 
between Spain and the United States, through the National Science Foundation and the 
Institute Nacional de Industria, a cooperative agreement providing for mutual scientific 
and technical aid based on research programmes for solid-waste treatment was started 
between the United States Bureau of Mines and the Empresa Nacional Adaro de Investi- 
gaciones Mineras, S.A. 

As a result of such an agreement Adaro’s raw refuse treatment pilot plant, constructed 
in Madrid, was inspired by the USBM flow-sheet utilized in their Metallurgy Research 
Center at College Park, Maryland, 

It must be noted that the plant was commissioned last October using synthetic refuse 
previously prepared for testing each of the machines integrated in the flow-sheet. 

The synthetic refuse was composed of paper, cardboards, plastics, wood, rubber, leather, 
tin cans, scrap iron, metals, glass bottles and other materials, aside from decayable organics. 

It was not until last February that the plant began to treat real raw refuse from Madrid. 
For this reason the information and data to be presented is rather scarce and should 
certainly be considered as preliminary. 

On the other hand, sufficient statistical information on the composition of raw refuse 
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generated in Madrid is available. These had already been gathered by the Town Hall 
Waste-collecting Department after a systematic sampling campaign conducted through the 
different classified areas of the City and along a complete 4-season yearly cycle. 

In this respect, it is important to note the very marked differences between the compo- 
sition of the refuse generated in this City and that produced in highly developed countries 
like the United States, Canada, Sweden, and others. The enormous quantities of food 
organics, which may amount to as much as 60% of the total refuse (Fig. 1), is responsible 
for the main difference from what we are used to seeing in the above-mentioned countries. 
The high moisture content is also due to the same reason. 


Waste composition 

Per cent range wet basis 

Type 

Per cent range 

Metals 

2.5-6 

1 


Glass 

2.5-10 

> Non-combustible 

7-26 

Ash. other inerts 

2-6 

1 


Organics 

30-60 

Putrescible 

30-60 

Papers and cardboards 

15-30 



Plastics 

3-12 1 



Fabrics 

Wood 

1.2-3 1 

0.1-4 

>■ Combustible 

19.3-51 

Rubber 

0.1-1 



Leather 

O.I-l J 




Moisture range 30-50% Specific weight range 0.1-0.2 t/m’ 


Fig. 1. Typical urban refuse composition in Madrid. 


Description of the plant 

The pilot plant flow-sheet is illustrated in Fig. 2. The main difference between this flow- 
sheet and that of the USBM is shown in thick lines, this part of the circuit is actually being 
tested for its efficiency. 

Lorries coming from Madrid discharge the refuse on outdoor platforms and, from this 
point, the refuse is fed on to a belt conveyor which, in turn, feeds the plant located indoors. 

The primary shredder, which is provided with two 40-h.p. twin motors, is already inside 
the building. 

The first separating step takes place in the fight air classifier. The papers and plastics 
separated at tffis stage are collected in Cyclone no. 1. 

A heavy-duty overband magnetic separator follows next in the process. The magnetic 
fraction obtained is particularly clean in this case as a result of the lifting effect produced 
on the flowing material in the previous stage. 

The primary air classifier comes in to make a three-product separation: heavy, light, 
and intermediate products. 

The trommel, which follows next, is provided with 60-mm round holes 

The undersize of the trommel screen plus the "heavies” from the primary air classifier 
are further classified on a vibrating screen. This operation provides for a preliminary 
glass-enriching step. 

The oversize coming from the trommel screen is conveyed to the secondary shredder. 




At this stage the oversize is sheared down to sizes smaller than 25 mm by means of 
knife-edge cutters actuated by a 75-h.p. motor. 

The material, thus reduced in size, is subjected to a final counter-current pneumatic 
separation in the secondary air classifier. 

The light products separated in both primary and secondary air classifiers are collected 
in separate cyclones nos. 2 and 3, respectively. 

The necessary vacuum for the pneuma'tic classifiers is provided for by a 75-h.p. dust 
collector installed outside the building. 


Operating results 

The first results obtained in this plant, treating the raw refuse formerly illustrated, are 
summarized in Fig. 3. Again, the influence of a high proportion of food organics is noted 
by the fact that the “heavies” of the primary air classifier are mainly composed of such 
material; and because the high amount (50%) of undersize produced by the trommel 
screen is also integrated mainly by food organics. 

The products collected in the three cyclones are described in Fig. 4 with regard to the 
paper fraction. 

The composition of the heavy products obtained in the secondary air classifier is illus- 
trated in Fig. 5. 
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Composition 

%feed 

Temperature 70°C 
drying time (hours) 

% moisture 

Light air classifier 

Paper, plastics 

10 

24 

40 

Cyclone-1 





Magnetic separator 

Tin cans, massif iron, 

4 




other metals 




Primary air classifier — 

Organics, glass 

10 

72 

<15-34 mm 

heavy 




> 15-58 mm 

Cyclone-2 

Paper, plastics 

1 

24 

20 

Trommel 

Organics, glass 

50 

72 

> 25-58 mm 





25> X > 15-57 mm 





<15-47 mm 

Secondary air classifier — 

Organics, 

2 

72 

10 

heavy 

miscellaneous 




Cyclone-3 

Light metals. 

5 

24 

20 


plastics, fabric 




Overflow 

Organics, ash, glass 

5 



Loses 


13 




Total 

100 




Fig. 3. Distribution of pilot plant products. 



Light fraction 

Paper 

Products 

Weight (kg) 

Weight (%) 

Contents (%) 

Distribution (%) 

Cyclone no. 1 

81.20 

61.9 

79.54 

79.4 

Cyclone no. 2 

7.30 

5.5 

83,58 

7.3 

Cyclone no. 3 

42,75 

32.6 

25.51 

13.3 


131.25 

100.0 

62.09 

100.0 


Fig. 4. Distribution of the light fraction and paper content. 


Metals 

13% 

Plastics 

74% 

Wood 

3.5% 

Textiles 

3% 

Organic (bread) 

6.5% 

Total 

100.0% 


Fig. 5. Heavy products distribution of secondary air classiBcr. 


Marketing of recycled products 

We have been surprised to learn that there is a potential market for the products obtained 
in the cyclones with no additional treatment. Nevertheless, we believe in the possibility 
of obtaining better economic results with further processing of these products. 

Tlie prices for recycled metals (quoted in Spanish and American currency) arc given in 
Fig. 6. 

The prices of miscellaneous products from recycling operations arc shown in Fig. 7. 
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Metals 

Pts/t 

$/t 

Aluminium 

20,000 

330 

Tin cans 

2,000 

33 

Zinc 

25,000 

416 

Copper 

105,000 

1750 

Massif iron 

5,000 

83 

Lead 

21,000 

350 


Fig. 6. Price of waste metals for recycling (Spain, February 1974). 


Paper 

Pts/t 

s/t 

Clean paper 

6,500 

108 

Other paper 

3,500 

58 

Cardboard 

4,500 

75 


Fabrics 

Textiles in general 4,000 66 

White textiles 

(cotton or wool) 15,000 250 


Plastics 

Pts/t 

S/t 

Colourless 

23,000 

383 

Coloured 

10,000 

166 


Glass 

Shredded and 

mixed colours 1,250 20 


Fig. 7. Price of waste materials for recycling (Spain, February 1974). 


SOLID WASTE MANAGEMENT 

Included in our solid-waste research programme is the solid-waste management for the 
“Costa del Sol” in southern Spain. The growing number of people visiting this part of 
Spain, particularly during the summer season, requires urgent control of solid-waste dis- 
posal. For this reason we have started statistical measurements of the amount and charac- 
teristics of the generated refuse in that area. 

Figure 8 shows the variation of population in the city of Malaga during the winter and 
summer season, as well as the production of solid waste per capita in both seasons. It is 
interesting to note the lower production of waste per capita in summer. This is due to the 
fact that less waste is generated when people crowd in small communities like hotels and 
apartments. 


Mdlaga City 

400.000 hab. in the winter season 

550.000 hab. in the summer season 

URBAN SOLID WASTES GENERATED IN 1973: 116,000 tons 
^ 317 t/day 

> winter season 0.76 kg/cap/day 

summer season 0.64 kg/cap/day 

Fig. 8. Urban refuse studies in the “Costa del Sol”, south of Spain. 
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The solid-waste distribution by areas in the city of Malaga is shown in Fig. 9, 

Finally, Fig. 10 shows that the average composition of solid waste generated in Malaga 
is very similar to that produced in Madrid. 


Type 

% Solid wastes generated 

Urban area 

60.2 

Residential area 

10.0 

Touristic area 

12.4 

Commercial area 

10.3 

Market area 

7.1 

Total 

100.0% 


Fig. 9. Generated solid wastes distribution in different areas in Mdlaga City. 


Metals 

3.48% 

Glass 

6.52 

Ash and other inerts 

2.43 

Organics 

47.92 

Paper and cardboard 

21.24 

Plastics 

7.49 

Miscellaneous 

10.92 

(wood, rubber, leather, fabrics) 


Total 

100.00% 


Fig. 10. Estimated composition of urban refuse generated by the City of Mdlaga during 1973. 


INCINERATING URBAN REFUSE 

The incinerator plant being constructed in Barcelona will be provided with three com- 
bustion units, with a total incinerating capacity of 1050 t/day. 

This plant is expected to produce 18 MW/h and will be commissioned March 1975. 
Obviously, there is no practical data on this plant for the moment. 



STATUS OF UTILIZATION OF SEPARATING 
WASTE PRODUCTS IN JAPAN 


Keizo Kamiyama 

Chairman of the Special Committee on Environmental Problems in Japan Science Council 
27-202 Toyama Heights, Shinjukuku, Tokyo, Japan. 


Thank you for extending me this opportunity to discuss with you the subject of the present 
status of the utilization of separating waste products in Japan. 


PRESENT STATUS OF WASTE PRODUCTS IN JAPAN 

Since the 1960s Japan has made tremendous progress in raising the gross national pro- 
duction by emphasizing the policy on economic growth, but accompanied with it there 
has also been the rapid increase in waste materials. Using the index of 100 in 1957 for both 
the actual gross production of Tokyo and the accumulation of waste materials that were 
collected by the metropolitan government, we noticed hardly any difference in 1960; 
however, both the GNP and wastes increased sharply after 1960 and by 1972 they increased 
to 450. For example, the entire country of Japan in 1971 discharged approximately 800 
million tons of industrial wastes. 

This enormous amount of waste materials created a serious impact on the environment 
and caused environmental disruptions throughout Japan, 

The world today is familiar with the “Minamata disease” caused by the mercury dis- 
charged from a factory, the “itai-itai disease” caused by cadmium, and the “kanemi oil 
symptom” caused by the PCB leaking into the cooking oil sold in the market. 

The wastes from industries producing petrochemical, paper and pulp, foodstuffs, and 
livestock have been the principal causes of offensive odor and water pollution. 

On the other hand, the oil crisis and the inflation at the close of 1973 directed our attention 
to the importance of the research and development of waste materials. 


STATUS OF RECLAMATION 

The rate of reclamation of these wastes at this time is depressingly low. 

For example, aluminum cans for beer and juice are produced at the annual rate of 15 
million tons or the equivalent of 600 million cans, but the rate of recovery is practically 
zero, 5,7 million tons of plastics are produced yearly, but only 160,000 tons are utilized 
again for railroad cross ties and fences. 

Nearly the entire production of 500,000 tons of tires has been recovered for reuse. 
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Every year, there are about 2.8 million cars dumped away, but a meager 40% of it has 
been recovered. 

Concerning electrical household appliances, the deplorable rate of 10% has been sal- 
vaged for scrap iron from the production of 1.88 million refrigerators and 1.3 million 
color television sets. 

As you can readily notice from these examples, the rate of recovery is discouraging, and 
the recoverable wastes arc burned or dumped at reclamation sites. 

There are reasons for these disposal methods. 

1. The recoverable waste is disposed unseparated from the total waste. 

2. There is the lack of essential information about the disposer of wastes and the operat- 
ing conditions of the scavengers or the amount of the disposed wastes. 

3. The recovery system is imperfect, and the market for reproduced goods is inactive. 

4. The situation is so uncontrolled that the disposal job can be easily and cheaply con- 
signed to unlicensed agents. 


SEPARATE COLLECTION OF WASTES 

At present, autonomous corporations separate their collection of wastes not to reprocess 
wastes but mainly for the following reasons. 

1. Prevent secondary pollution from the waste incineration plant. 

Wastes containing a large portion of plastics, rubber and leather generate poisonous gas 
during incineration and leave a residue of heavy metal. The extremely high temperature 
during the incineration generates NOx from the raw garbage and further damages the 
furnace. The rate of 10.2% mixture of plastics in the wastes for Tokyo in 1970 is equivalent 
to almost 3 times that of a city in Europe. This indicates the seriousness of this problem. 

2. Burn the greatest possible amount of ordinary waste. 

The wastes collected and disposed of per day in Tokyo amount to 13,300 tons, but the 
incineration plants can only burn approximately 4000 tons. To alleviate this problem, the 
incombustible wastes and those that are inappropriate for incineration are separated at 
the waste collection point to gain maximum effectiveness in the burning of ordinary wastes. 

3. Dispose wastes in accordance with the quality of the wastes. 

4. Accelerate the recycling of resources. 

The annual discharge of industrial wastes in Tokyo are as follows: 

Construction wastes 1.87 million tons 

Metallic wastes 1.26 „ „ 

Sludge .99 „ 

Exhausted acid and alkali 9.92 „ „ 

Hardly any of these wastes has been recycled. 

The most urgent problem we encounter today is the scarcity of property for final pro- 
cessing, and it is becoming more and more difficult to secure the land. 

Let us compare the number of damaged cars per 1 km^ of inhabitable area for a country. 


Japan 

15.3 cars 

per 

km^ 

U.S.A. 

1.15 „ 

99 

99 

Great Britain 

4.5 „ 

99 

99 

West Germany 

6.8 „ 

99 

99 

France 

2.3 „ 

99 

99 
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We can easily notice from this comparison that Japan faces a serious problem of securing 
lands for processing. 

Reproduction helps prevent pollution. 

As you know, paper made from waste paper rather than pulp reduces pollution in the 
air by 26% and water by 65 %, thus saving 70% of the energy. In a similar way, iron made 
from scrap rather than iron ore reduces air pollution by 14% and water contamination by 
24%, a saving of 24% in energy. 

For these aforementioned reasons, the problem of closed system recycling has grown 
extremely critical in Japan. 


THE STUDY OF THE CLOSED SYSTEM 

The following studies are being conducted in government institutes and laboratories: 

1. The study of non-pollution organic synthesizing process: the sulfonation of aromatic 
group is carried in the organic solvents of sulfuric acid so that it will not yield any ex- 
hausted acid. 

2. The study of non-pollution plating technique: instead of the conventional electro- 
plating, the vacuum physical plating (ionized static plating) is employed. 

3. The study of the utilization of pulp drainage: pulp drainage is used for irrigation after 
processing with active carbon (adsorption). 

4. The study of the utilization and recovery of heavy metals in drainage. 

5. The study of the utilization of industrial drainage: the sewage water and the secondary 
drainage from the integrated drainage processing facility of the chemical complex are pro- 
cessed with ozon to be recycled as potable water and water for industrial use. 

6. The study of the utilization of wastes from the iron industries: the manufacture of 
artificial lightweight aggregate and combined lightweight castable from sludges and slags. 

7. The study of the utilization of polymer wastes: the pulverization and thermal de- 
composition of plastics and old tires. 

8. The study of the utilization of indirect desulfurized asphalt: the indirect desulfurized 
residual oil of crude petroleum is utilized as material for construction, adsorption agent, 
and fuel. 

These are not, however, the closed-system studies based on careful consideration of in- 
fluences on the natural system. 


AIMING AT THE RECYCLE SYSTEM 

In order to adopt the recycling, closed system to preserve the environment and conserve 
resources, I think that it is necessary to take the following measures. 

We must consider two levels. One is the industrial level of production process, plant and 
industrial complex; and the other is the local level of the distribution of products to the 
general consumers. In considering the closed system of the industrial level, we must scru- 
tinize closely the flow chart of the production process and be strict with the control of 
wastes. 

It is only until we are unable to proceed any further with the flow chart under present 
standard of technical abihty that we should permit the existence of the waste material. 

Naturally, the material that was ejected from the system as waste should be placed in 
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an area for safekeeping far away from the environment. It should be preserved with an 
airtight seal at the final processing area. 

The business enterprise that manufactures products for distribution to the consumers 
should establish a process that starts at the point of retrieving the product that eventually 
depreciated into a waste material, separating and decomposing it, and returning it as a 
raw material. 

For example, in the process of production, there are robots working in an assembly line. 
When this product becomes a waste material, it should be disassembled and returned to 
production as a raw material by the robots working to reclaim waste materials. We must 
think about establishing this kind of system. 

However, it is necessary that the material, decomposed to allow it to be restored to its 
original state, be put through a thoroughgoing anti-corrosion process. 

In utilizing the industrial waste as an unused resource, a single plant or a single business 
enterprise cannot expect to be suflSciently effective. It must be consolidated! 

The publication of the results of the researches and developments on the recycling of 
industrial wastes and the systematization of a consolidated development must be promoted 
positively by the government or the autonomous corporation. 

On the problem of processing wastewater, the responsibility must be placed on the 
factories to recycle the drained water. The inspection of the drainage must be automated 
and must be checked constantly. 

Among the SOx, NOx, COx, and hydrocarbon exhausted in the atmosphere, the SOx 
alone has been fixed, but the NOx, COx, and hydrocarbon should also be fixed. 

Also, we should study the physical, chemical, and biological disposing methods that will 
convert all production processes to a production structure that will not upset the ecosystem. 



DISCUSSION 


VAN WAMBEKE; M. Gony nous a donne un excellent panorama des activites en France en matiere de 
recyclage. Je voudrais quand meme ajouter quelque chose pour les autres pays de la communaute europ&nne. 
Je passerai tout d’abord en Italie ou il existe a Rome un procddd de triage automatique des ordures mdnagercs 
d6ja fonctionnel et apparemment rentable. II permet la rdcupdration de differents produits: les mdtaux, le 
papier, et aussi les rdsidus organiques — ^principalement les vdgdtaux — avec lesquels on fabrique de la 
nourriture pour le b6tail. En Allemagne feddrale, la ville de Stuttgart est alimentde par du gaz g6ndr6 par 
traitement des ordures mdnageres. En Grande-Bretagne, les rdsidus d’huiles us6es ddverses dans I’environne- 
ment atteignaient plusieurs millions de tonnes par an: actuellement une soci6t6 s’occupe du retraitement de 
ces huiles us6es pour la fabrication d’une essence de quality sup6rieure. 11 y a deux gros problemes a I’dchelle 
communautaire, et je crois meme k I’&helle de tous les pays, c’est I’organisation de la coUecte des d&:hets — 
que ce soit des ordures m6nageres ou des ddchets industriels ou autres — et ime legislation qui favorise la 
recuperation des dechets et qui garantisse aussi pour I’industrie qui traite ces dechets des debouches. 

MOSER: Permettez-moi Messieurs de vous citer un petit cas qu’on ne devrait pas oublier dans toutes 
les questions de recyclage. Par exemple, Mr. Kamiyama vient de citer I’exemple du papier en disant que 
le recyclage du papier apporte une reduction de la pollution, c’est-a-dire une reduction des charges imposees 
^ I’environnement. Dans tous les secteurs du recyclage je ne crois pas que Ton puisse dire que c’est la 
solution pour une matiere ou pas, mais on devra voir de tres pres chaque detail. Pour la question du 
papier, il y a aujourd’hui un grand probleme qui est discute et les gens ne sont pas encore d’accord. Est-il 
plus avantageux pour I’environnement d’incinerer le papier ou bien de le recycler? Car nous devons nous 
toumer vers I’avenir. Aujourd’hui il y a de grandes installations d’incineration ou Ton produit de la chaleur, 
c’est-ii-dire de I’energie. Cette dnergie est de nouveau utilisee pour chauffer de grands centres d’habitations; 
et en chauffant ces grands centres d’habitations par la chaleur produite par I’incindration, nous avons une 
grande diminution du SO 2 par le chauffrage ordinaire, ce qui repr&ente une grande diminution des charges 
imposes a I’environnement. D’un autre c6t6, si nous recyclons du papier, nous avons une dconomie d’dnergie 
au niveau de la fabrication et au niveau des ressources naturelles. Le point qui serait tres important pour 
I’avenir c’est une quantification dcologique de tous les problemes, pas seulement jusqu’au premier stade 
mais plus loin. Aujourd’hui meme ou nous avons des usines d’incineration qui n’ont pas seulement une 
installation pour la production de la chaleur, mais ou Ton a mis aussi une installation pour regagner les 
scories qu’on peut de nouveau utiliser a la construction des routes. Alors on peut dire qu’on a la un re- 
cyclage presque complet. 

BROWN: Thank you. That’s an important point. 

BOL ALIMA: Je crois que je vais devoir introduire une petite fausse note dans cette discussion. Cette 
fausse note va surtout etre due au fait peut-etre que je vais appeler I’attention des membres de ce coUoque 
sur des aspects du probleme qui ne paraissent pas etre leur preoccupation essentielle et cela se comprend. 
Je vais done m’excuser si jamais j’^tais quelque peu hors texte. En fait, nous avons parM recyclage des le 
ddbut. Il faudrait peut-etre que cette conference qui se propose d’^laborer un plan d’actions pour I’humanitd 
soit quelque peu claire sur les buts de ce recyclage, car ce plan d’actions ne pourra pas etre totalement tech- 
nique et d^pourvu d’autres contraintes et d’autres parametres. Car s’il s’agit d’un plan d’actions pour 
I’humanitd, je dis bien pour toute I’humanitd, il devrait requdrir I’adh&ion de cette humanitd. Le probleme 
du recyclage: “on recycle ou non?’’: je n’ai pas entendu de r^ponse sur ce point; j’ai entendu depuis hier 
des solutions qui sont propos^es, des solutions parfois contradictoires et nous venons d’en avoir la preuve 
car en fait, qu’il s’agisse d’incineration ou de rdcupSration par d’autres voies, les possibility proposees par 
les experts varient. Il faudrait done etre d’accord au depart sur les buts de ce recyclage. S’agit-il de recycler — 
comme cela a 6t6 dit dans certains documents — parce que le monde est en face d’une penurie de matiCTes 
premieres, et 1^ le probleme est un peu fauss6, je crois, car certains experts eminents ont pu dire qu’il n’y 
avait pas lieu de parler de penurie de matieres premises, dans im avenir proche au moins, et en tout cas 
cela ne peut pas etre le probleme qui pourra requerir I’adhyion de toute I’humanitd car a cette heure encore 
I’exploitation des matieres premises et des ressources min^rales constitue la base des dconomies de plusieurs 
pays. S’a^t-il de recycler pour pouvoir accroitre I’ind^pendance des pays d6jk riches et industrialisy vis-S- 
vis de ces pays fournisseurs de matiwes premieres et qui pour la plupart, au moins sur le plan technologique, 
sont des pays arrifiry, et je crois que vous conviendi^ avec moi que dans cette situation, ce plan d’actions 
pour I’humanifd qui est en train de s’dlaborer ne va pas requerir I’adhesion de toute I’humam'td et qu’il sera 
un plan d’actions pour une certaine fraction de I’humanity Je crains de constater par la liste des membres 
invity ^ cette conference mondiale et le type des solutions proposees que ce soit les problemes des Pays 
Developpy qui restent la preoccupation majeure de nos reunions. S’agit-il enfin de recycler pour pouvoir 
assurer & I’homme, a I’humanite tout entiere, un environnement convenable, im environnement qui lu 
permette de mieux se realiser, objectif noble qui sans doute peut requerir I’adhesion de toute I’humanite. 
Le probleme ne peut done pas etre ryolu de fa^on partielle, c’est-a-dire en isolant le recyclage de son con- 
texte et en semblant le reduire a un simple probleme technique. 

Les solutions doivent etre globales, c’est-a-dire integrer differents parametres et considerer le probleme 
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de la repartition des richesses et du travail dans le monde: repartition du travail et des ressources. Car, 
pour paraphraser le Professeur KEILING, certains pays qui n’ont encore que des “economies de misere” 
et qui sont en droit de penser qu’ils n’ont pas encore contribue ^ la pollution actuelle de I’environnement ne 
devront pas faire de fa^on non selective les frais de la lutte contre la pollution. Monsieur le President, je 
suis conscient, je I’ai dit, que ce sont des reflexions qui peuvent etre hors texte et qui peuvent faire fausse 
note, car toute le monde a parie ici des solutions techniques pour le recyclage alors que je considere la phase 
technique comme une simple etape finale. Revenons sur I’intervention du Professeur KEILING qui a 
invite le colloque k tenir compte d’une le^on qu’il considere comme historique: I’economie de misere qui 
s’est instituee en Europe apres la guerre— je ne I’ai pas connue mais je n’ai que des raisons de croire k ce 
qu’il dit; doit-on se resigner e que celes probiemes de la pollution ne peuvent se resoudre qu’i travers des 
crises — ces crises pouvant revetir I’aspect des holocaustes que Ton sait? Je suis enclin a ne pas etre d’accord 
avec le Professeur Keiling sur le point que la pollution ait ete supprimee par Ja guerre, cela pourrait d’aiJieurs 
etre dangereux et mettre en cause la capacity de I’homme ^ d6fendre I’espece humaine de la disparition; je 
crois plutot qu’il y a eu d’autres formes de pollutions: les bombes, les prisons, la faim, tout cela c’est de la 
pollution. Et je vais plus loin; la pollution psychologique — aspect qui n’a pas kt6 6voqu6 jusqu’ici— qui 
peut etre beaucoup plus grave car elle affecte la personnalitd profonde de I’homme. 

Ainsi done, les probiemes de pollution ne peuvent etre resolus qu’au moment des crises, ce qui donne 
totalement raison au Professeur Keiling puisqu’en fait on a I’impression que c’est parce qu’il y a une certaine 
crise — notamment en ce qui concerne les matieres 6nerg6tiques et les matieres premieres — que le probleme 
de I’environnement et les probiemes de recyclage semblent prendre de I’acuitfi. Mais reconnaitre qu’il faut 
une crise pour chercher k r&oudre ces probiemes est un constat d’dchec. E serait done souhaitable que la 
conference puisse appeler I’attention sur le fait que les decisions ne peuvent pas etre de simples solutions 
techniques. Je sais que cela peut ddpasser le cadre de cette conference mais je souhaite que cela ne d^passe 
pas le cadre des competences et des objectifs de I’lnstitut de la Vie, toute la Vie. 

ROY: J’aurais 3 cas de recyclage a signaler: Premikement, la construction d’un incindrateur dans la 
ville de Quebec d’une capacity de 1000 tonnes r&:uperant la chaleur sous forme de vapeur qui est utilis6e 
par une usine de pate papier. Le deuxi^me cas, est I’utilisation de 1000 tonnes par jour de d6chets de 
scieries qui sont r^utilis^s pour faire de la pkte ^ papier. Le troisifeme cas est I’utilisation de I’anhydride 
sulfureux rejet6 k I’atmosphere par un “smelter” (usine d’affinage de m6taux non feneux) pour produire 
1000 tonnes d’acide sulfurique par jour. 

HIGBIE: I don’t know if there is a single paper that has compared the actual costs of each of these 
individual demonstration units that I mentioned. We have evaluated the costs of our own Bureau of Mines’ 
process and I’m sure that the gentlemen from Black Clawson can talk about the costs of his process. There 
is a speaker here from St. Louis, Missouri, who may talk this afternoon about the costs of the Union Electric 
Process. But from our own Bureau estimations, for the process we have developed for treating raw refuse, 
if the technology is expanded to 1000 tons per day without colored-glass separation, we believe that such a 
plant would cost $3.4 million. We estimate that one can operate that plant at $2.70 a ton of input material, 
that you can obtain $9.80 worth of valued products and save $3.00 in landfill operations. I can give you 
further details of what costs are involved in the process, but I don’t think that I should take the time of the 
whole group right now to do that. 
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Products that man produces from petroleum and natural gas now are essential to the basic 
food, shelter, clothing, and health needs of every nation in the world. Yet, when the world’s 
resources of petroleum are considered, no effort is made to assign a high priority to petro- 
chemical feedstock used for the manufacture of synthetic fibers, pharmaceuticals, agricul- 
tural chemicals, synthetic rubber, and plastics. Although all of these products could theo- 
retically be manufactured from other raw material, the technology for such processing has 
not yet been developed. Furthermore, at the present time the cost of going to more basic 
forms of carbon (c.g. coal or COj) to produce these materials would make it economically 
prohibitive for these products to be used in the volumes in which they are consumed today. 

In examining the per capita consumption of basic minerals, petroleum, timber resources, 
and other so-called “replenishable”, or grown, natural resources, we find virtually a static 
condition on both a world and country by country basis. However, the per capita con- 
sumption of synthetic materials — including such materials as plastics, elastomers, man- 
made fibers, agricultural chemicals, and pharmaceuticals — we find a rapidly rising growth 
curve over the last 25 years. The largest raw material feedstock for these products comes 
from petroleum and natural gas resources. At the present time the world is utilizing an 
estimated 3 % of these resources as petrochemical feedstocks. In the United States ap- 
proximately 6 % of our petroleum and natural gas is converted into products rather than 
consumed as fuel. It is estimated that the petrochemical products manufactured from this 
small quantity of feedstock has a market value of approximately 15 times the value of the 
refined petroleum products made from the other 94 % of petroleum and natural gas products 
consumed as fuel and refined petroleum products. 

In projecting the demand for petrochemical based synthetics into the future, it is esti- 
mated that the percentage of total petroleum consumption going to such uses could easily 
triple or quadruple before the year 2000. Such an increasing percentage of petroleum going 
into non-fuel uses is likely to occur only under the following circumstances : 

First, that there is an adequate world recognition that petroleum has a greater value to 
man as a non-fuel resource than as a fuel resource. 

And second, that there is a substantial start made in the development of other sources 
of energy to meet the world’s long-term energy needs. 

Both of these changes must evolve from the recognition that the world’s material needs 
and energy needs are highly interrelated. 

The basic laws of thermodynamics teach us several things: first, that man can create 
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neither material nor energy — ^he merely converts materials and energy from one form to 
another — and secondly, that the basic free energy of the world is continually decreasing. 
Eventually, as the world ages it will become a cold inert planet unable to support life as 
we know it today. Man can accelerate this demise of our planet, and does, by the purposeful 
destruction of complex natural materials merely for the release of energy. 

The only new energy we can rely on to extend man’s existence on the earth is the radiation 
we receive from the Sun. But there are many other forms of natural energy — ^including 
nuclear, geothermal, hydroelectric, and tidal energy — that should be developed to meet our 
full energy needs. 

The conclusion we can draw from understanding the basic laws of thermodynamics and 
relating them to our material and energy needs might be summarized in some basic guide- 
hues for use in planning for the future: 

1. Avoid the destruction of naturally occurring complex chemicals (such as petroleum, 
coal, wood, cotton, and wool) in their first use merely for the release of energy. 

2. Attempt to use all complex chemicals at as nearly their original level of energy as 
possible and consider the thermodynamics of recycling them as many times as possible 
before eventually recovering their energy value through oxidative degradation. 

3. Attempt to use natural forms of energy — ^nuclear, geothermal, solar, hydroelectric, 
tidal — ^in preference to the recovery of the entropic energy of material. 

4. Develop techniques of selecting the most thermodynamically eflBcient materials to 
make particular products. 

5. And finally, the most challenging requirement is to build the economic incentives 
necessary to direct petroleum into material appfications as their first priority usage 
rather than for fuel. This incentive can be most easily accomplished by the develop- 
ment of new sources of energy that will be lower in cost than energy from petroleum. 
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BASIC ASSUMPTIONS 

1. In its true sense. Waste is a mode of conduct. 

2. Waste in its material sense is a misplaced resource. 

3. All resources can finally be expressed in terms of energy. 

4. The concept of total energy is a sound guide to resource use and reuse. 

5. Freedom of choice is a common regulator. Need the final regulator. 

6. Choice is governed by the recognized laws of supply and demand. 

7. The law of supply and demand with few primitive exceptions is exercised through the 
monetary medium. This suffers from maldistribution, restricting choice, aggravating need. 

8. The propensity to spend or save whether governed by free choice or other causes 
determines the monetary flow. 

9. The monetary medium/flow is Anally flexible. 

10. Primary resources less so, finally not so. 

The fundamental approach to resource use reuse must first acknowledge these basic assump- 
tions. 

The recycling of resources and the avoidance of wasteful practice is scientifically, socially, 
and economically demanding cold analysis ahead of emotive pressures. 

This is not to deny compassion as the heart dictates or passion as justice demands. It is 
clearly to seek justice between man and his environment, including his fellows and heirs, 
with a measure of recognition, injustice is and will be present, for we do not live in a perfect 
world. 


MATERIAL ASSUMPTIONS 

1. All resources employed in the production process, transferred to utility and dis- 
carded after use, are contaminated one with another in some degree. 

2. Extraction, process, manufacture and assembly, discard and collection after use, all 
contribute to the resultant impurity common to that which we term waste. 

3. Recycling in its pure and perfect sense demands that all contaminants be removed 
one from the other at every turn of the cycle if there is not to be a further progressive con- 
tamination in time to the detriment of the resource/resources recycled. 

4. This is not possible and therefore the product termed waste can for convem'ence be 
best encompassed in total as a low-grade ore of mixed variables. 
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5. A common denominator can here be usefully employed. The calorific values expressed 
in BTUs or their equivalents, as best this can be determined, appears to provide a sensible 
unit. 

6. From this, all along the line, primary resource, utility object, discard after use, BTU 
values can be established with sufficient accuracy to provide for the employment of what 
is termed the energy equation. 

7. To determine the justice of recycling, taking the term justice to mean the best pos- 
sible relationship between resource use and resources available, the BTU cost of primary 
resources from source to utility inclusive and the BTU values within the area termed 
waste less the BTU cost of returning to point of use/reuse, are the principal governing 
factors. 

8. A return to reuse in any form is justified if the energy cost of return is less than the 
total energy value of the waste product returned. 

9. The monetary cost/benefit will adjust to the marginal factor at point of reuse. 

10. The social need may prohibit natural adjustment by monetary means where the 
scarcity factor approaches known fixed limits relative to present and future needs. In such 
event economic certainty based upon scarcity will not exist. 

The material assumptions above described will suffer adjustment in areas indefinite as 
to man’s ingenuity, and will to survive, preferred socially, finally, man against man. 


MATERIAL CERTAINTIES 

1. If there is no waste there can be no pollution. The feed-back cost of pollution should 
therefore be added to the value of the product termed waste. Pollution should here be 
taken in its widest sense, i.e. the impact burden of waste — social and economic. 

2. Waste is contained in any resource transferred to the areas of utility and discard after 
use that is not in either area beneficially employed. 

3. Thermal loss in excess of solar input represents a total loss. 

4. Other than clean salvageable items the properties of the product termed waste cannot 
be expressed or recycled by practical means in purity. They can be expressed for the pur- 
poses of recycling in terms of their organic, inorganic, and toxic composition. The latter 
of necessity, 

5. The bulk of the product waste can normally be expected to appear in three conditions, 
liquid, semi-liquid, and solids. All in some degree intermixed. Thermal radiation, atmos- 
pheric dust, and radioactive wastes are also present. 

6. Further classification recognizes the waste flow as normally following three main 
paths. Industrial, consumer (domestic), and agricultural. 

7. Liquid and semi-liquid (sewage^ agricultural and mim’ng wastes are substantially 
detached from the industrial commercial domestic refuse flow. These will be dealt with 
separately outside this paper in other submissions, 

8. This present submission will now centre upon the common refuse flow embracing 
finally, domestic and trade refuse through various systems. 

9. Industrial waste is in large measure home scrap recycled at source, toxic waste, best 
controlled at source and mixed refuse that can be either accommodated at communal 
facilities or at a facility installed at the industrial unit. 

10. This submission will deal with technology applied and on stream directed towards 
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the communal facility (domestic and trade refuse) of benefit to the resource use reuse 
pattern, ahead of past habits centred in the main, on disposal. 

The material certainties above described are labelled certain to provide for practical 
analysis and application and to here give positive movement at the optimum level ahead 
of continuous penetrated study seeking perfect solutions that may or may not be realized. 
As in all areas there is here a point of balance. 


TECHNICAL CONSIDERATIONS 

1. Technology should preferably embrace best known, allied to good practice, maximum 
social economic benefit, good sense, common need and particular circumstances. 

2. The unit of quantity can conveniently be expressed in thermal units. The unit of 
quality, the social benefit. The unit cost in monetary terms. 

3. The profit motive, if not always by wish, most common in fact, exists as the prime 
motive force relative new technology. Public health and hygiene are substantial motives 
of first consideration in limited areas. The environmental cost/impact is the principal area 
for debate. 

4. The common refuse stream is generally calculated at a recovery value 5000 BTU/lb. 
Some 90% of this is contained in the organics fraction. 

5. Substantial product yields in the form of metals (ferrous and non-ferrous) and glass 
exist in the inorganics fraction to justify recovery by known technical means. 

6. The paper fraction at this moment in time is worthy of recovery as paper, albeit 
soiled, and probably into the future having regard to de-inking and paperstock treatment 
processes now established. Woodpulp is not, however, a finite resource, the photosynthesis 
characteristic of forest growth provides a free energy source. Improved forest culture 
and harvesting indicates a more favourable condition in time as to the supply of wood- 
pulp, This is not, however, expected to adversely affect the continuous demand for paper- 
stock. 

7. The balance of the refuse stream can for the moment best enter an indiscriminate 
flow to final process. This is mainly organic, dust, and fines. 

8. The plastic element, other than home scrap, does not justify pure recovery at present 
levels. It has a high thermal value (approximately 16,000 BTU/lb) which can be recovered 
by known combustion processes. 

9. Dewatered sewage sludge at D.M. 20% plus justifies recovery ahead of disposal, the 
latter a major environmental problem. This can be directed to final process allied to the 
domestic refuse stream or to other ends. 

10. Final process for the domestic refuse stream includes: 

(a) Controlled landfill. Least cost, proven method, total loss, limited potential now 
visible in certain urban situations. 

(b) Common incineration. High cost, total loss, residue doubtful value. 

(c) Boiler feed. Thermal value varied and in doubt due to variable nature and 
conduct of feed input. Possibilities, thermal yield demands certain market. 

(d) Pyrolosis, total or partial. Seeming best potential. End products oil and/or gas, 
char. Demands effective utilization net gas yield, 

(e) Fluid bed combustion. Preferred next. End product gas, char perhaps. End 
product gas as for pyrolosis. 
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(f) Composting. Marked obstacles at the market. Adverse factors present in trace 
metals and toxic element (occasional present). Probable improved market in 
time relative increased cost/scarcity phosphates and other plant foods. Best 
present potential under developed countries, 

(g) Micro-culture. Adverse factors as per composting. Certain specific cultures under 
study. Potential allied to other work in areas detached from the common refuse 
flow. Believed to be benefits in time. Pollution factor (water courses) probable. 
Treatment process relative here need. 

(h) Hydro-pulping. Varied applications, uncertain potential cost/benefit. Pollution 
factor as per micro-culture. 

The technical considerations above are described allied to a known and accepted waste 
pattern present common to the developed countries and to technology known to be capable 
or potentially so. 


FRONT END SYSTEM 

1. The common refuse flow does not realize a product of known certain composition 
It can and will be varied one situation to the next and as a result of changes in the resource 
use pattern. The product waste also contains materials of varied bulk, structure and density. 

2. Municipal Solid Wastes (MSW), to employ the American term, are, however, within a 
range of consistency that can be accommodated by a single front-end dry separation 
system. The necessary technology exists, some old established, the balance well tested 
in the prototype and pilot-stage areas. 

3. The final design of the front-end system must contain a degree of flexibility to accom- 
modate not only the varied consistency and constituents of the product waste but also 
variable conditions at the market for the product yield. 

4. There is ample evidence to show, a simple flexible front-end dry separation process 
can and should be applied to MSW to recover the metals, glass, and aluminium fractions. 
Also the paper fraction at any level demanded, 

5. Perfect separation is not necessarily best process. There is an optimum level having 
regard to investment/operational cost and product yield. Modular construction to optimum 
design specification is to be preferred. 

6. Certain technology now being entertained in this area is in my view unnecessarily 
complex. My present research indicates a simple single unit with limited attachments based 
on the old farm grain separator having an optimum capacity 10 tons/hour may well meet 
the need, 

7. Where a thermal combustion process is employed to accommodate the organics 
fraction the air-separation capability employed at the front end could conceivably contain 
any consequent thermal radiation and certain loss from the combustion unit. This could 
be transmitted to the front end to introduce a drying capability within the separation unit. 

8. Whatever the final technology applied it must be certain positive and preferred 
simple. The refuse stream is constant and unavoidable if varied in its nature and construc- 
tion. There is a final and social burden upon any process and all persons concerned in the 
area of waste management to accommodate the communities wastes. Extended shut down 
from any cause is socially intolerable. 

9. No technology is foolproof therefore fail-safe conditions must be installed all along 
the line to accommodate failure within acceptable agreed limits. This is possible. Any 
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technology employed should provide for comparative simple on-site service and repair 
within a time factor acceptable, say 10 hour maximum. 

10. ^^^lcrc the TRC (Total Reclamation Centre) is operated by private interests, there 
must be provision to allow for the municipal authority to secure certain and immediate 
right of access in the event of any failure on the part of the private operator, from any 
cause, that gives rise to a bottleneck in the waste stream. 


MARGINAL FACTORS 

1. In applying tcchnologj' to the recycling process I start with the assumption there is 
no profit in waste. I do so because any benefits to be secured from recycling are dependent 
upon a process of recovery that can be economically cmploj'cd. 

2. To determine the values in the waste stream is a pointless exercise if these values 
cannot be recovered to social/cconomic benefit. Sufficient data, if non-exact, has now 
accumulated from a number of sources to indicate the probable constituents of the waste 
product. 

3. To calculate the value of a pile of garbage is, however, not good enough. We must 
recognize the waste stream exists from first extraction at primary source through process, 
production, utility to discard after use. 

4. Assuming waste is not a tangible product but a mode of conduct, waste avoidance 
demands preferred utility all along the line from primary source to discard after use with a 
firm eye on tliermal losses. This calls for input savings, efficient process best design, eco- 
nomic production, and maximum utility. 

5. Because it is not technically possible to economically sustain a perfect transition at 
any point along the line from primary source to ultimate utility there is at all points an 
unavoidable material residue we term waste, i.c. the waste product. 

6. This product is recoverable in some degree, thermal losses are not. The marginal 
factor is established at the point where the value of one unit of the waste product recovered 
exceeds the cost of its recovery and at the point where the thermal value of one unit lost 
to atmosphere exceeds the thermal cost necessary to restrain such loss. 

7. Ultimately the marginal factors can preferably be stated in terms of energy rather 
than in monetary terms by virtue of the fact energy is an exact commodity whereas money 
is a flexible medium. In elTcct resources require an energy standard in the same way as the 
monetary unit employs the gold standard. 

8. This is technically possible but not yet convenient for we need a great deal more data 
based upon the energy equation before satisfactory references can be made. 

9. The factor of scarcity relative finite resources has also to be acknowledged particularly 
where substitution is not readily available to the element of choice. 

10. There is ample evidence to show a substantial portion of the waste stream can be 
recovered at unit cost below the margin. All cost/benefits must be acknowledged in every 
assessment — ^for example, disposal costs as an alternative to recovery. 

As in all areas of investment, the marginal factor must be entertained when new tech- 
nology is applied to the waste stream. This is obvious common sense and would not be 
stated but for the need to restrain promises in the technical area directed towards the 
emotional pressures relative primary resources as distinct from the true pressures improved 
technology can satisfactorily contain. 
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SYSTEM DESIGN GUIDELINES 

1. Within the developed countries the common waste-flow pattern and choice of tech- 
nology can generally be set with some accuracy against a given population factor. There 
is some variable between the E.E.C., U.S.A., and Japan. This can be accommodated 
within the technology described. 

2. Best technology should seek to realize a standard module at optimum level against 
a given population factor to meet situations most common. One-off solutions are not 
likely to realize maximum benefit overall having regard to the base reference, total energy. 

3. The standard module must embrace a degree of flexibility as to volume/quality 
refuse flow and exact technology. Fail-safe conditions must be present for the refuse flow 
is certain. Bottlenecks are not socially tolerable. 

4. The refuse flow is determined by resource use. The under-developed countries there- 
fore present a separate waste problem. It is in the main restricted to sewage and putriciples 
in densely populated regions. A separate design module may here be required. 

5. Design and manufacture will in time adjust to aggravate improved resource use/reuse, 
savings at source and in line. This will lead to an extended life use of utility products and/or 
designed obsolence directed to recovery and reuse beyond first use. 

6. Improved means in these areas will progressively affect the domestic refuse-flow 
pattern. It may expand or contract. Quality/quantity will in the event suffer adjustment, 

7. Teclmology transfer in all areas of resource use extending to utility and recovery after 
use will have a bearing upon the waste product in time. 

8. Any shift from consumption to conservation will affect the refuse-flow pattern. 

9. A will to economic growth ahead of restraint will probably remain present. Indis- 
criminate use of primary resources should not be allowed to support this. New technology 
in seeking new boundaries must acknowledge and adapt to known limits existing and likely 
to arise. 

10. The quality of life is now recognized as of growing importance. Here advocacy and 
technology will no doubt conflict. The right point of balance must be sought at personal, 
community, national and international levels. 

System design must acknowledge, technical development will persist in the wider field. 
This will affect the waste product which itself will attract new technology centred upon 
recovery and recycling. 

Continuous monitoring and analysis leading to preferred agreed solutions in all areas 
of technology, resource use, and reuse can have a marked bearing upon waste avoidance. 

The immediate need is to set known proven and seen potential technology suited to 
waste recovery and recycling against disposal practices previous and at present common. 

All system design in this area must acknowledge waste disposal ahead of recovery is no 
longer acceptable. 

Whereas the energy equation is the desired base reference, economic guidelines will 
probably remain dominant for some time to come. 
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COLON: Mr. Cliairman, perhaps I may give something on the question that was raised this morning: 
How can we promote rccjrling? There is an example in the Netherlands and I feel it is perhaps helpful to 
say here how recycling may be started by legislation. More than 40 years ago, we had a serious environ- 
mental problem in Holland in that the bodies of cows and pigs that died by diseases were buried by the 
farmers on their land itself. When recognized that this gave serious infection risks, the government made 
what is called and translated into English, “The Destruction Act”. According to this Act, several plants 
were constructed to process the animal bodies. The farmers had to deliver the dead animals to the collection 
scr\’iccs of these plants. It turned out to be a profitable operation and now private companies are doing 
this job. Selling a lot of valuable products and the most important part of it is animal feet of a high protein 
content. I am not informed whether in other countries the same was done. 

SCHENKEL: J’ai 3 questions pour Ics experts. T) Comment jugez-vous Ics influences de la pollution 
sccondaire de I'environncment par des processus de recj’clage? 

2°) Comment jugez-vous I’influence de I’cntropie sur fe processus de rccyclage? C’est-i-dire que lorsque 
vous transformez de I’incrgic d'une forme primairc — par exemple de I'dlcctricild — dans unc forme sccondaire 
la chaleur, la distribution des maldriaux va s’aggrandir. Par exemple, il est tres facile de dissoudre du sucre 
dans du cafd mais il est trds dilTicilc de sdparcr ensuite le sucre du cafd. 

3') Le rccyclage du papier par exemple est limitd pour des raisons techniques. On estimeen Rdpublique 
Fdddralc Allemandc que 50% de papier pcut-clre rccycld. Mais quand I'usage du papier s’accroit dgalement, 
la quantitd de papier dans les ordures mdnagdres s’accroit. 

MACLAREN: Mr. Chairman, I understand that this conference will produce recommendations and is, 
in effect, hopeful of influencing legislation in many countries, perhaps influencing thought. Today we’ve 
discussed waste and waste disposal, and I’d like to make a general comment. Wlicn I have a cup of coffee 
in North America, I unwrap the sugar and put it in a polystyrene cup. I take a cardboard waxed container 
with cream and a plastic cover, and a plastic stirrer — all of which arc thrown away. We buy motor cars 
and refrigerators which have a short life because they arc badly built. Do we consider waste disposal in 
terms of production of machines and goods that arc ncccssarj’? If they arc necessary, do we ask whether 
we can’t make them better so that they last longer? I know that this is an heretical economic question, but 
I do feel that in terms of waste disposal we should examine what the waste is as well as how we dispose of it. 

BROW'N: Thank you. I think you’ve raised a very important point and I know that in certain kinds of 
restaurants, chain restaurants, where you can drive in and buy a hamburger, the energy content of the 
material which is thrown away— the paper napkins, the containers, etc. — is greater than the energy content 
of the food. Are there arc other comments? 

RUBIN: How can we bring about a situation in which the desirable rco’cling practices are accepted 
generally and permanently enough to be significant? It seems that three major ways are available to us: 
one way is to make rccj'cling sufliciently profitable to all the individuals and economic entities which must 
participate in the recycling chain; the second way, already mentioned here, is legislation; and a third way 
is based on education, which would have to create social pressures sufficiently strong to induce participation 
of the people and companies required by the recycling process. It seems that the last way is a rather long- 
range kind of a way and if we want to introduce recycling relatively quickly, we must depend largely on 
the first two ways. From a technical point of view (and after all this is the point of view which we are sup- 
posed to take here) it seems that an important question which should be answered here is: to which degree 
docs it look that by utilizing the best in our current technology we can rely on the first way, the profit 
motive, and to which degree and where must we legislate? My question is: are we ready to give such a 
technical advice? 

HIGBIE: I think there is little doubt that if metal recycling can be made profitable, the industry will play 
its important role. It has been suggested that a chicken and an egg situation exists; as metal recycling tech- 
nology develops, so will the markets, and thus eventually both the industry and the consumer \vill benefit. 
However, I think a certain amount of legislation to help sponsor recycling technology does have to be 
passed. TTicre’s been some discussion in our country as to whether it should be federal legislation or local- 
level legislation. At the moment, there is no decision on it. There arc many possible laws in this area con- 
sidered by the Congress of our federal Government. But they have not been passed as yet. So therefore, to 
be most effective immediately, legislative action should be taken by the cities or by the states, or other 
political entities. I think that’s the areas where the greatest support of recycling is going to come from 
eventually. But it is not going to be as simple as that. Education of the public is a very important factor. 
I think you’ve expressed the three major items. There has been concern as to whether we can effectively 
separate materials while the refuse is still in the households (source separation). I’ve seen situations in 
Europe where your people are doing a much better job than that which is taking place in some of the U.S. 
cities. The mayor of Chicago once voiced an opinion when he was asked. Would his people separate refuse 
into its individual components at home? His answer was: “Separate it. We’re lucky if they put it altogether 
into a bag and leave it where it can be collected.” He didn’t think people in Chicago would be in favor of 
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source separation. So you see education of the public is a major item. In general, I don’t think there is any 
one panacea to solving the problem, 

BROWN: Thank you very much. Before we adjourn I’d like to bring up a very important point. During 
the plenary session the Vice Chairman of this session and I must report on what we talked about. We are 
going to have to work on that tonight. In addition it’s going to be important, I beUeve, that we be in a 
position to make some concrete proposals to the plenary session for them to consider. 

McKELVEY: Thank you, Mr. Chairman. It occurred to me during our discussion yesterday that there 
was quite a bit of consensus about many of the problems in this general area. Last evening I jotted down 
some propositions that I thought perhaps this group might wish to consider, modifying them as you see 
fit and perhaps if there is consensus on these or other similar propositions, they might be then given to 
our co-chairman to pass on to the plenary body when it meets during the remainder of the week. If I have 
the Chairman’s permission, I will read these half-dozen propositions and I offer them merely as that, merely 
as suggestions for propositions on which consensus might be reached. I have copies available here on the 
front table for anyone who may wish to pick one up. The first is that developed countries should aim to- 
wards reducing their rates of increase in consumption of minerals, water, and mineral fuels and seek to 
support further economic advancement through increased efiBciency and the production and use of these 
vital materials. Second, governments and intergovernmental bodies should endeavour to raise the level of 
living of impoverished peoples in both poor and rich countries through improved means of distribution of 
income, efficiency, and use of resources and other means that do not increase world consumption of minerals, 
water and mineral fuels. Third, governments and intergovernmental bodies should vigorously encourage 
the processes and activities by which resources are created and extended as through scientific research, 
exploration, prevention of waste, recycling, and conservation in use. Fourth, governments and inter- 
governmental bodies an d the peoples of all countries should strive to prevent further growth in world 
population and to bring world population into equilibrium with the earth’s and man’s supportive capabili- 
ties. Fifth, governments’ intergovernmental bodies, and private institutions should dedicate themselves to 
the advancement of the knowledge and skills of the people of the world in order to enhance their abilities 
to utilize the earth’s resources efficiently and wisely, to maintain a safe and satisfying environment, and to 
enhance the quality of life for present and future generations. Sixth, governments and intergovernmental 
bodies should take steps to appraise potential resources and to examine possibly irabalancing resource, 
environmental, and population trends in order to anticipate and avoid chaotic consequences of resource 
development and of economic and population growth. Thank you, Mr. Chairman, perhaps we can discuss 
these later on? 
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Fig. 2 


that material enters the system from some resource supply and leaves it as a new resource, 
or in a form which is environmentally acceptable or in a form which is environmentally 
unacceptable. In principle the form may be solid, liquid, or gas; as an extreme case, carbon 
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monoxide or dioxide originating from an organic resource may be acceptable or unaccept- 
able according to the atmospheric pollution created. 

At critical points in the system the flow is limited and/or directed by a throttle or plexus, 
the settling of which is governed by controls. The main controlling factors are Demand, 
Economics, Legislation, and Politics, For the sake of brevity, legislation is here used in a 
very broad sense to cover true legal constraints, public opinion, maintenance of public 
goodwill, and simple conscience. The processing and manufacturing stages are highly 
simplified. The subdivisions shown are only to demonstrate the general diflerences between 
wastes arising from the main stages. Most primary process wastes are unfit for direct 
recycling back to the previous stage and in fact originate from the internal reprocessing of 
material in tlie processing plant. Many wastes in secondary processing return directly within 
the plant, but many others — notably, the rich slags and drosses from metallurgical opera- 
tions — accumulate outside the plant and re-enter at a different point, or by a different route, 
or even by a different industry. The flow sheet is thus the summation of the flows in all of 
the industries using the given resource. Consumer wastes seldom re-enter the circuit directly 
and even more seldom re-enter directly at points earlier than the manufacturing stage. 
The notable exceptions are items such as returnable containers and clean paper, “tin” foil, 
etc. The majority of the recycled consumer wastes need special processing to such an 
extent that on a simplified flow sheet such as Fig. 2 they can be linked to primary resource. 
Figure 2 does, however, serve to show the basic framework which has been developed in 
Fig. 3. 

The principal features of Fig. 3 which distinguish it from Fig, 2 are: 

1. The introduction of flows into and out of the main specific resource circuit of materials 
belonging to other resource circuits; 

2. the elaboration of the reprocessing routes by which wastes are reprocessed to yield 
materials (a) for recycling to the main resource circuit, (b) for recychng to other 
resource circuits, (c) for disposal to the environment as acceptable wastes; 

3. the subdivision of the process route into the minimum number of processing stages 
needed to identify the major waste sources and recycle points. 

The “Resource origin” is strictly a virgin source; an ore-body, a forest, a rubber planta- 
tion, an oil-well, etc., but the term “main resource” is used to denote the material flowing 
in the particular cycle under consideration. By this definition aU products which leave the 
main resource stream are wastes, even though they may themselves be the origin of another 
resource cycle. Rate of flow of material from the origin is governed by the throttle (1), 
which is mainly controlled by the demand for the resource in relation to the economics. 
Various legislative controls can also operate which may be based on resource conservation, 
national economy policy, or for environmental reasons. It is not unknown for the over- 
riding control to be solely for political reasons. Suflaicient technology must be available to 
win and process the resource for the desired end-product; if the minimum necessary 
technology is available then only the cost of the technology is involved in the exploitation 
decision. The control equations are therefore of the form 

dMldt=f(D)+ME)+MT)-^ML')-i-MP) 

where all terms except f(D) and /(T) may be either positive or negative and must also 
include contributions from other resource material flows coming from the same origin. 
Mim’ng waste is considered to be any bulk product which has to be taken directly from the 
origin at the same time as the main resource. Commonly it is almost barren in respect of 
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the main resource, but both the quantity and the grade (content of the main resource) 
may be influenced by the technology employed and by the demand at plexus (2). If there 
is a demand for it in its own right as another resource material then it leaves the cycle 
and any further processing, economic, and disposal problems become the responsibility of 
the other resource cycle. The plexus (3) indicates that if the demand is zero or less than the 
quantity produced then all or part of it must be rejected to the environment. The nature 
of the waste and legislative/economic controls dictate whether or not it can be acceptable. 
No reprocessing— even for environmental reasons— is shown because if it does contain 
any main resource then if the constraints on its disposal are large it will join the main flow 
to the primary processing stages of the treatment plant. This will not afiect the overall 
mass balance in the process circuit, which is temporarily increased following plexus (2) 
by the first entry of true recycled material. There may also be further imbalances in feed 
at any time due to stockpiling of crudes. The total mass of all material flowing in the 
circuit may be increased by the addition of other resources needed to process the crude. 
Thus, the wastes from the primary processing may contain or be in parallel with other 
resource waste streams. The nature and quantity of all of the primary waste streams is 
controlled at plexus (4) by technological (the process) and economic factors. No direct 
recycling is shown because any products of treatable grade can be regarded as intermediate 
products for processing within the treatment plant (e.g. scavenging of rougher tads). The 
primary wastes leaving the plant are subject to further control at plexus (5). If there is a 
demand for the content of other resources the wastes may go (via plexus (Q) to the other 
resource cycle. The responsibility for reprocessing it and subsequent disposal of subsidiary 
wastes then devolves on the processor of the other resource. If the wastes are unacceptable 
for discharge to the environment and are subject to legislative or strong opinion control 
then there are two other immediate choices open. These depend upon the grade, content 
of other resource, and the result of another/(L),/(Z)), /(£’),/(!) calculation (this time to 
minimize the unprofitability of the operation). Commonly, minimum unprofitability is 
achieved by further processing (or process modification) within the existing plant. If the 
grade is too low or the processing required is essentially different then the wastes must pass 
to an “external” processing plant. A further choice is available at plexus (6) which depends 
on the economic balance between reprocessing mainly to recoup some of the cost from the 
sale of the other resource content(s) and reprocessing to recover the main resource material 
content. Following the convention stated earlier, the former is not shown within the main 
cycle on the principle that it is the chief beneficiary who should carry the responsibility 
and cost of the environmental damage. If the grade is high enough, or the other resource 
content unsaleable, then reprocessing will be done within the resource cycle. The object 
will be to return to the main cycle as much as economics and technology will permit at the 
same time the production of an acceptable reprocessing waste. Inevitably, there will be 
some fraction of the reprocessing wastes which will still be unacceptable. It is extremely 
unlikely in view of the number of earlier decision points and the problems of reprocessing 
that any wastes arising at plexus (7) will have value in another resource cycle. The value 
products from the reprocessing will probably return to the cycle at the secondary processing 
stage; it is less likely that they will be able to go forward to the manufacturing stage and 
improbable that they will re-enter as early as the primary processing stage. 

The constraints on the flow of wastes and products from the resource secondary pro- 
cessing stages at plexus (8) are similar to those at plexus (4). Again, a mass imbalance may 
be found due to recycled and stockpiled material. The process wastes generally differ from 
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the primary wastes in resource value content and in nature. However, some of them may 
contain a much larger content of other resources introduced during processing. The greater 
sophistication of the technology employed offers more options in adjusting the process 
(back-reaction from controls at plexus (9)) to produce wastes suited to the control demands. 
Some unacceptable waste is almost inevitable and the combined pressures of economics, 
legislation, and technical problems may result in the acceptable waste still having a relatively 
high content of values. From plexus (9) onwards through (10) and (11) the situation closely 
resembles (6) and (7) with the exception that the higher values content offers a greater 
incentive for reprocessing. There is usually a high recycle rate within the process — therefore 
not shown — much of the other waste is reprocessed in a different plant on-site within the 
industry and some may need to return to as additional feed to primary processing. 

In final product manufacture the largest loop is commonly return to secondary pro- 
cessing. The grades are usually so high that the bulk of the streams containing values return 
very quickly to the cycle. Similarly, the contents of other resources are commonly so high 
that these pass to other resource cycles. The remaining route from plexus (13) consists 
of complex wastes which are low grade and are mixtures of other components and re- 
source materials. These are invariably unacceptable and, if treated via plexus (18) and 
(19), are usually reprocessed, as the result of legislation and only after escaping from the 
plant. 

The marketing stage includes packaging, advertising material, and distribution. It is 
therefore an important source of wastes arising from the input of other resources, which 
nevertheless are directly associated with the consumption rate of the main resource. The 
quantity of such wastes is controlled by market requirements which are a function of the 
demand, customer appeal, and product specification. Similar constraints applied to the 
manidacturing stage, but with less effect on the nature of the manufacturing wastes. Custo- 
mer appeal also contains factors relating to obsolescence rate. The throttle (14) is therefore 
usually the most important rate-determining step within an industry both for main resource 
and supplementary resource usage and for waste production. It is the point where minimum 
pressure on the controls can have maximum overall effect. All of the material passing 
through (14) is sooner or later a waste. Plexus (15) indicates that some of the waste may 
return directly to the cycle; it is a moot point whether the return should be shown as a 
solid or as a broken line. Returnable glass bottles would be a main resource for flows in 
the glass industry, but a supplementary resource in the brewing industry. Whatever it may 
be, the direct recirculation loop implies selective handling or sorting before the wastes 
escape to the external environment. Consumer wastes at this stage which are directly 
acceptable for disposal to the environment without further handling are rare enough to be 
ignored. Various controls, including problems of separate collection, etc., direct a major 
part to a refuse-handling system. The type of refuse-handling plant and the fate of the 
products is determined by the controls acting at plexus (16). At this point two arbitrary 
decisions have been made. One is that the refuse handling is defined as confined to simple 
sorting (possibly including shredding and baling) and the other is that tipping — even of 
sorted refuse — is not acceptable. The latter is currently, legitimately debatable particularly 
from a short-term viewpoint. However, with these assumptions the principal control is the 
demand for the resource materials. The main resource, if a rich enough product can be 
sorted from the refuse, returns to the cycle at an appropriate point. Other resources going 
to other cycles may or may not be rich enough to return directly, any necessary repro- 
cessing is, as before, to be included in the other resource cycles. The remaining refuse now 
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follows pathways through plexus (17) similar to those of the earlier wastes; only the mag- 
nitude of the controls and the emphasis may differ. The principles of attempting to maximize 
the fraction utilizable and to minimize the production of unacceptable reprocessing wastes 
remain the same. 

The subsidiary loop (18) through (19) has been mentioned as a pathway for the conversion 
of unacceptable manufacturing wastes into acceptable wastes, but it is mainly the route by 
which existing dump of unacceptable mineral waste are converted into acceptable waste 
mainly under the pressure of legislation and opim’on. Plexus (18) allows for the reprocessing 
of the dump material for other resource needs. It is possible that main resource values 
which have escaped the other reprocessing pathways may be recoverable to give a values 
product at plexus (19) during reprocessing for environmental reasons. It is far more usual 
in environmental reprocessing to attempt to reduce the cost by finding an outlet for the 
bulk of the waste. Dumps large enough and/or rich enough to warrant reprocessing for 
values are best regarded as secondary origins for the purpose of attempting mass flow 
balances. 

Throttle (20) allows for the possible future reclassification of a waste. It can be neglected 
for present flows, but must not be forgotten if forecasts are wanted. 

Despite the obvious impossibility of describing all material cycles in one diagram, the 
present flowsheet does cover the majority of cycles of interest. 

The object was to make it possible to set up mass flow patterns for industrial operations 
using a specified resource in such a way that the operations could readily be summed to 
give a resource utilization/recovery/waste balance. Ideally, the steps are to identify the 
flow paths relevant to the operation, evaluate the flows in each path and then to sum the 
flows in the paths. It may be expected that some flows may need to be calculated from net- 
work theory. The numbered circles represent rate-determining steps, thus leading to a 
dynamic model. Even without the model, it appears from the flowsheet that the best com- 
promise between throttling down the flow of waste and adversely affecting the process 
industry is to apply controls starting on the right-hand side of the flowsheet. It is also 
apparent that excessive control applied, for instance, at plexus (9) could have an almost 
disastrous effect on the cycle without necessarily achieving much in the way of overall gain 
in environmental conditions. The interactions which produce this effect are by no means 
solely due to the disturbance of the mass flow cycle. 

The effect is also due — ^possibly more importantly — to the fact that the control factors, 
operating at the rate-determining steps, are themselves in an economic network influenced 
in turn by policy decisions. It is not intended to investigate the economic network, in this 
paper. It is considered that any attempt to rationalize the interactions between resources, 
wastes, and the environment must start with the systematic evaluation of the mass flow 
balances and rate constants. Until these are known, it will be virtually impossible to assess 
the overall effect of imposing or modifying controls at any one point. 



CE QUE NOUS COUTENT LES DECHETS EN FRAIS, 
EN PERTES DE VALEURS IDEALES ET CULTURELLES 
ET EN DESAVANTAGES fcONOMIQUES 

Wolfgang Moser 

Secretaire general de la Ligiie pour la Proprete en Suisse, Zurich, Suisse 


INTRODUCTION 

Permettez-moi de commencer mon expose par I’enonciation de trois fails bien etablis; 


Fait No. 1 

Tout ce que rhomme prend de la nature, tout ce qu’il travaille, transforme et utilise 
finit, tot ou tard, par devenir dechet. 

Les dechets, qui peuvent etre solides, liquides ou gazeux, sont done une des consequences 
inevitables de la vie de Thomme sur cette terre. Depuis qu’il y a des hommes sur notre 
planete, il y a eu des dechets, et tant qu’il y aura encore des hommes sur notre planete, 
il y aura des dechets, Rien n’a change ce fait au cours des siecles — seules les quantites et 
la nature des dechets ont change, et cela surtout depuis I’avenement de I’ere industrielle. 


Fait No. 2 

Selon une loi de la nature — ^la loi de la conservation de I’energie et de la matiere — ^il a 
toujours ete et sera toujours impossible de detruire les dechets. 

Us peuvent seulement etre transformes en d’autres matieres solides, liquides ou gazeuses. 


Fait No. 3 

Chacun des processus de transformation resulte en charges impos6es a I’environnement. 
Malgre les progres de la technique, on ne reussira sans doute jamais a eviter eompletement 
de grever ainsi I’environnement. 

Toutefois, en optimisant la gestion des dechets et au prix de frais enormes, on arrivera — 
et il faut absolumenty arriver — a reduire ces charges dans toute la mesure 
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Notice explicative concernant le tableau I. 

(1) En ce qui concerne I’incineration et le calcul des frais d’incineration (voir annexe 2a), 
il y a lieu de faire la distinction entre trois types d’usine; 

— les usines d’incineration sans recuperation de la chaleur 

— les usines d’incin6ration avec recuperation de la chaleur 

— les usines d’incineration avec recuperation de la chaleur et traitement des scories. 
Non seulement les frais, mais aussi les pertes et les desavantages (derniere colonne), de 
meme que I’intensite et le genre de charge imposee a I’environnement different selon 
le type d’usine. 

(2) En ce qui concerne le recyclage, il faut en premier lieu determiner s’il s’agit de 

— dechets remis a la collecte mixte et ensuite separes mecaniquement dans des installa- 
tions speciales de recyclage (exemple de Rome), ou de 

— dechets collectes separement par matieres (papier, verre, etc.). 

Il faut en outre determiner si 

— les matieres trices peuvent etre reintegrees directement dans le cycle de production 
industrielle (verre), ou si 

— elles doivent d’abord etre pretraitees dans I’entreprise meme ou dans une autre 
entreprise (parfois le papier). 

Les facteurs “couts, charge pour I’environnement et le paysage”, etc., varient suivant 
les diverses possibilites et methodes. 

LES FRAIS DIRECTS ET INDIRECTS, LES PERTES ET LES 
DfiSAVANTAGES CAUSES PAR LES DfiCHETS 

Abordons alors le theme principal de mon expose et examinons la question des frais. 
En prenant connaissance du sujet que Ton m’a demande de developper devant un aussi 
illustre auditoire, j’ai d’abord ete effraye. Le traitement approfondi de cette question 
demande de longues etudes prealables et il me restait a peine deux mois pour preparer 
mon expose — ceci a cote du travail journalier. A defaut de chiffres precis pour les frais 
indirects, les pertes de valeurs ideales et culturelles et les desavantages economiques, je 
ne peut proceder que par evaluations. A Taide de divers tableaux et diagrammes, je vaix 
essayer de vous montrer toute la complexite des facteurs qui entrent dans la composition 
des frais resultant des dechets depuis leur production jusqu’a leur traitement. 

Comme la Ligue pour la Proprete en Suisse, dont je suis le secretaire general, s’occupe 
principalement des problemes relatifs aux dechets solides, je me permets de commencer 
par ces dechets-la, quoique les premieres figures (voir annexe 1) montrent clairement qu’ils 
imposent a I’environnement des charges bien moins accablantes que les dechets liquides et 
gazeux. 

Dechets solides collectes par les services commumux (en chiffres). Les frais directs causes 
par les dechets solides se montent en Suisse (6,3 millions d’hab.) a environ 360 millions de 
francs suisses par an (production annuelle de dechets communaux en Suisse: 1,6 million 
de tonnes environ). 

Production totale de dechets solides (y compris les dechets non communaux et les boues 
d’epuration). La production totale est approximativement de 3,8 millions de tonnes par an 
et \t 5 frais directs se montent a environ 500-550 millions de francs, y compris les frais pour 
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les recipients et sacs a ordures, la raise a disposition, le ramassage, le transport et le traite- 
ment. 

Les frais indirects et, en particulier, les frais sociaux (social costs), les pertes en valeurs 
ideales et culturelles, les desavantages economiques (tourisme) ne peuvent guere etre ex- 
primes en chiffres; il faudrait pour cela des annees d’etude et de recherche. 

Les frais de construction d’usines communales et r^gionales de traitement des dechets 
(done non compris les installations appartenant a des entreprises industrielles) se montaient 
a fin 1970 a: 

approx. 310 mio.Fr. pour 37 usines en service 
„ 140 „ „ 15 usines en construction 

„ 150 „ „ 12 usines encore ^ I’^tat de projet 

Dechets liquides (eaiix usees), en chiffres. Les frais directs causes par les eaux usees se 
montent en Suisse a environ 700 millions de francs (production annuelle d’eaux usees: 
environ 2,500 millions de tonnes). 

Les frais indirects et les frais sociaux (social costs) sont a peu pres les memes que pour 
les dechets sohdes. 

Les frais de construction de stations communales et regionales d’epuration des eaux 
usees (done non compris les stations d’epuration appartenant a des entreprises industrielles) 
se montaient, a fin 1970, a: 

approx. 760 mio.Fr. pour 366 stations en service 


,, 420 „ 

,, 89 stations en construction 

„ 260 „ 

„ 103 stations encore k I’etat de projet 

„ 350 „ 

„ 43 stations prdvues 


Remarque. Les chiffres indiques ne comprennent qu’une partie des frais d’ehmination 
des dechets, e’est-a-dire la partie qui est a la charge des services communaux. Les frais 
totaux qui incombent aux menages, administrations, metiers, industries, communications 
et transports, au commerce, a I’agriculture, a la sylviculture et au tourisme, pour la pro- 
tection de I’environnement, se chiffrent approximativement h 2-5 % du produit national 
brut (en 1970, env. 2-4 milliards de francs suisses), pour autant naturellement que toutes 
les mesures necessaires aient ete prises. 

Evaluation en du produit national brut: 

(situation en 1972) 

canalisations et stations d’6puration 1,0 

usines de traitement des dechets 
(y compris les d6charges) 0,2 

autres installations de protection de 
I’environnement, du secteur public 0,1 

mesures de protection de I’environnement, 
entreprises par les institutions ofBcielles, 

I’industrie, le commerce et les particuliers 1,2 

Le produit national brut 6tant de 86 milliards de 
francs suisses, les investissements gjobaux pour la 
protection de I’environnement se montaient a plus 
de 2 milliards. 

Le tableau 2 donne un aper?u des frais effectifs crees au cours du flux des dechets sohdes 
(de leur production a leur traitement) et suggere en meme temps les mesures susceptibles 
de reduire les quantites de dechets et, par consequent, de reduire egalement les frais. 
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Notice explicative concernant le tableau 2: 

(1) Les economies pouvant eventuellement etre realisees dependent du mode de collecte 

— frais de collecte calcules per capita; 

dans ce cas, la collecte separee (papier, verre, etc.) n’apporte pas de reduction des 
frais du ramassage global; 

— frais de collecte calcules par tonne: 

dans ce cas, la collecte separee pent apporter une reduction des frais du ramassage 
global, reduction qui n’est que fictive, puisque, tot ou tard, on sera oblige d’aug- 
menter les frais du ramassage global. 

Le parcours de collecte, ainsi que les frais d’exploitation (vehicules, personnel, etc.) pour 
le ramassage global restent inchanges; ainsi, les frais se repartissent sur un tonnage 
inferieur. 

(2) Voir annexe 3. 

On pourrait citer et analyser d’innombrables exemples, mais le temps manque pour cela 
dans le eadre de cet expose. J’espere toutefois avoir reussi a mettre en evidence la complexite 
du probleme et la multitude des facteurs qui entrent dans la composition des frais. 
Tournons maintenant un regard vers I’avem'r. 


QUE NOUS RESERVE L’AVENTR? 

Les perspectives d’avenir ne sont guere rejouissantes, comme semble le prouver une 
etude des frais elfectuee par le Comite de I’environnement de I’OCDE et son Sous-Comite 
d’Experts Economiques. 

Les estimations publiees different considerablement; elles s’echelonnent de 1 a 10 % du 
produit national brut. 


Suisse 

Pour la Suisse, les couts de la lutte centre la pollution sont connus pour le secteur publie 
seulement. Les autorites publiques ont depense en 1969 450 millions de francs suisses pour 
combattre la pollution, Ce chiffre represente pres de 0,6 % du PNB. Environ 350 rm’lhons 
de francs ont ete affectes a la lutte centre la pollution de Teau et 100 millions a la lutte 
centre la pollution de Pair et a I’elimination des dechets soUdes. Les frais d’exploitation 
(amortissement non compris) s’elevaient a un tiers environ de la depense totale, soit environ 
2 % des depenses courantes du secteur pubh’c; la depense d’investissement s’elevait a 10 % 
environ des investissements publics et a 1,5 % de la formation totale de capital fixe dans 
I’economie du pays. 


Allemagne 

Les renseignements ci-apres sont extraits des estimations de couts qui ont ete etablies au 
printemps 1971 pour la preparation du programme allemand relatif a I’environnement. 

Pour les nouveaux besoins du programme de la politique de I’environnement, une somme 
de I’ordre de 28 milliards de DM devra etre investie, et pres de 8 milliards de DM seront 
depenses au titre des frais d’exploitation entre 1971 et 75. Le total, soit 36 milliards de DM, 
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representera 1 % environ du PNB. En outre un monfant supplementaire de 34,5 milliards 
sera consacre a la poursuite des activites anti-pollution deja engagees avant 1971. Ces 
demieres comprennent: 

Frais d’exploitation DM 25 milliards 

Investissements pour renouvellement des installations DM 6,5 milliards 
Autres depenses (frais de recherche) DM 3 milliards 

Au total les depenses pour la periode 1971-5 atteindront pres de 70,5 milliards de DM, 
ce qui equivaudra a 1,8 % environ du PNB (voir Tableau 3). 

L’investissement net en installations de lutte centre la pollution etait de 2,7 milliards de 
DM en 1970. Les frais correspondants d’exploitation, de remplacement et de recherche 
etaient de 6,9 milliards, ce qui fait un total de 9,6 milliards de DM en 1970. Si I’on ajoutait 
les frais d’exploitation, etc., des installations anti-pollution d’avant 1970 a I’estimation de 
la depense de lutte contre la pollution pour 1975, ceci donnerait une depense totale de 17,7 
milliards de DM. Par rapport aux PNB correspondants, ces chiffres refletent une augmenta- 
tion dans la part du PNB qui passe de 1,4 % en 1970 a 2,1 % en 1975. 


Tableau 3. Les couts du programme 1971-5 (chiffres cn milliards de DM) 



Investissements 

Frais d’exploitation 

Total 



DM 

% 

DM 

% 

DM 

% 

Pollution de Pair 

3,9 

14 

0,4 

5 

4,3 

12 

Pollution de I’eau 

16,2 

58 

4,0 

50 

20,2 

56 

Ddehets solidcs 

Biocides et prod. chim. contenus 

2,2 

8 

1,5 

19 

3,7 

10 

dans renvironnement 

1,4 

5 

— 

— 

1,4 

4 

Nuisances dues au bruit 

Protection de la nature, 

1.7 

6 

— 


1,7 

5 

considdrations csthdtiques 

2,4 

9 

— 

— 

2,4 

7 

Non sp&ifid (dvaluation globale) 

0,2 

0 

2,1 

26 

2,3 

6 

Total 

28,0 

100 

8,0 

100 

36,0 

100 


Etats-Unis 

Les chiffres suivants sont tires de “Environmental Quality’’ — troisieme rapport annuel 
du “Council of Environmental Quality”. 

Les investissements annuels a prevoir pour la lutte contre la pollution passcront de 3,6 
milliards de S en 1970 a 9,5 milliards de S cn 1980, tandis que le capital invest! dans les 


Tableau 4. Les investissements en capital cn milliards de S 



1970 

Installations 

Annuel 

1980 

Installations 

Annuel 

cn % 

Pollution de Pair 

1,5 

1,0 

29,8 

6,0 

63,2 

Pollution de Pe.TU 

23,3 

2,5 

46,0 

3,0 

31,5 

Difchcts solidcs 

N.D. 

0,1 

N.D. 

0,3 

3,2 

Autres (bruit, etc.) 

— 



1.2 

0,2 

2,1 

Total 

24,8 

3.6 

77,0 

9.5 

100 
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installations qui etait evalue en 1970 a 24,8 milliards atteindra en 1980 77 milliards de $. 
D’apres une enquete elfectuee, les entreprises americaines devront investir 22,8 milliards 
de $ pour aligner toutes leurs installations sur les normes de pollution de I’air et de I’eau 
en vigueur depuis le 1®*^ janvier 1972. 

Le tableau 5 donne la repartition annuelle des coQts alferents aux types de pollu- 
tion mentionnes pour 1970 et 1980. Au total, pour les Etats-Unis, les couts annuels (frais 
d’exploitation augmentes de I’interet du capital invest! et de I’amortissement des installations 
existantes) passeront de 10,4 milliards de $ en 1970 a 33,3 milliards en 1980, soit une 
augmentation de 220 %. Les depenses correspondantes par habitant atteindront 145 dollars 
en 1980 contre 51 dollars en 1970. 


Tableau 5. Rdpartifion annuelle des couts (en milliards de S — 1971) 



1970 

% 

1980 

% 

Pollution de Pair 

0,8 

7,7 

14,7 

44,1 

Pollution de I’eau 

3,6 

34,6 

8,0 

24,0 

Dechets solides 

6,0 

57,7 

9.7 

29,1 

Autres (bruit, rayonnements, 





reconstruction des sols) 

0 

0 

0,9 

2.8 

Total 

10,4 

100 

33,3 

100 


Le total des depenses qui seront effectivement exposees s’elevera au cours de la periode 
1971-80 a 287,1 milliards de $, exprimees en % ces depenses se r6partissent comme suit: 
Air =37 %, Eau=30 %, Dechets solides=30 % et Autres=3 %. 

Le tableau 6 ci-dessous donne une recapitulation des besoins cumules pour I’ensemble 
de la decennie (1971-80). 


Tableau 6. Besoins cumulus 1971-80 (en milliards de S — 1971) 



Investissement 
en capital 

Couts 

d’exploitation 

BdnSfice avant 
amortissement 

Pollution de Pair 

48,2 

58,3 

106,5 

Pollution de Peau 

40,2 

47,1 

87,3 

D&hets solides 

3,0 

83,1 

86,1 

Autres (bruit, etc.) 

1,4 

5,8 

7,2 

Total 

92,8 

194,3 

287,1 


Le montant total de 287,1 milliards de $, representera 2,2 % du PNB pour la periode 
1971-80, contre 1,6 % indique pour la periode 1970-6. 

Une etude qui porte sur I’incidence des mesures actuellement requises pour lutter contre 
la pollution de Pair et de I’eau sur quatorze activites industrieUes et sur I’economie dans 
son ensemble a ete realisee aux Etats-Unis. L’incidence macro-economique de ces mesures 
a ete resumee comme suit: 
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“II r^sulte de V6tude que reconomic du pays ne sera pas gravement obercc par I’institution 
de normes de reduction dc la pollution. Ellc n’en subira pas moins des incidences non 
n6gligeables.” 

On peut citer ^ cet dgard les estimations suivantes; 

“La lutte contre la pollution ralentira de 0,3 % au cours de la p6riode 1972-6 et de 
0,1 % au cours de la prdsentc deccnnie la cadence de croissance annuelle moyenne du 
PNB. Entre 1972 et 1976, son incidence sera chaque annde d’environ 0,5 % sur les coflts 
des investissements fixes et de 0,2 % sur I’indice des prix a la consommation. Pendant la 
p6riode 1972-80 le chomage augmentera d’environ 1,1 % et on constatera en 1980 que le 
deficit de la balance des paiements aura augment^ de 0,7 milliard de $ par an.” 

Pour la pdriode 1972-80, 1’eflet des cotits de la lutte contre la pollution sur I’indice des 
prix k la consommation devrait ctre de I’ordre de 0,25 % par an. Dans ce cas, refiet sur la 
balance des paiements se chiffrerait a environ 2 milliards de dollars par an. Toutefois, cette 
estimation aux Etats-Unis ne tient pas cowpte du fait que la lutte contre la pollution 
alourdit dgalement les cotits de production des autres pays. 

En ce qui concerne I’incidence micro-economique, I’etude revele qu’aucune des industries 
qui ont etd examinees ne serait gravement toucliee, car les coflts estimes de la lutte contre 
la pollution ne sont pas les seuls facteurs qui menacent serieusement la viabilite a long 
terme de tel ou tel secteur. Parmi les 12 000 usines des industries examinees, on s’attend a ce 
que 800 ferment leurs portes du fait de revolution normale des affaires entre 1972 et 1976. 
On estime a pres de 200 a 300 le nombre des usines qui seront obligees de mettre fin a leur 
activite en raison des conditions edictees pour la lutte contre la pollution. 

D’un c6te, nous allons 6tre obliges de depenser des sommes encore plus grandes pour 
rattraper le retard; de I’autre, les quantites sans cesse croissaates de dechets vont eauser 
d’enormes frais suppl6mentaires; il va de soi que chaque citoyen devra en supporter sa part. 

Selon une etude allemande sur les frais de protection de I’environnement causes par la 
circulation routiere, il faudrait depenser DM 3500 par habitant et DM 1600 par automobile 
pour ramener a une mesure tolerable le bruit et les gaz d’echappement emis par les autos. 
Il s’agirait de mesures “passives” (par exemple fenetres speciales) et de mesures “actives” 
(modifications apportees aux voitures pour reduire les emissions de bruit et de gaz 
d’echappement). La Repubhque federate d’Allemagne devrait depenser, uniquement pour 
les mesures de reduction des gaz d’echappement, 18,8 milliards de DM entre 1973 et 
1982. 

La question suivante se pose: quelle est la charge que I’environnement urbain doit 
supporter du fait du bruit et des gaz d’echappement emis par les automobiles ? 

Pour y repondre, il faut commencer par determiner les effets psychologiques et physio- 
logiques que le bruit et les gaz d’echappement ont sur les etres humains, e’est-a-dire dans 
quelle mesure ils portent atteinte a la sante et a la capacite de travail des hommes. Il faut 
aussi essayer de determiner a combien se montent les frais qui en decoulent pour I’economie 
nationale (par exemple pour le traitement medical). Si le niveau actuel de la science ne 
permet pas cette quantification, on peut tourner la question comme suit; combien cela 
coflterait-il a I’economie nationale de reduire cette charge a une mesure indiquee par les 
mifieux medicaux, de fafon a eviter toute atteinte a la sante publique ? 

En ce qui concerne le bruit produit par la circulation routiere, on constate qu’il exerce 
sur les hommes les effets nocifs suivants: difiicultes de communication, baisse de la capacite 
de travail, perturbations de la sante de ceux dont les activites se deroulent a I’exterieur 
(travaux, emplettes, etc.). Les effets du bruit sont pires encore pour ceux qui travaillent dans 
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des immeubles ou habitant dans des maisons se Irouvant en bordure de rues a forte circula- 
tion automobile. 

Comme il n’a pas etc possible jusqu’a present de prouver qu’il existe des maladies speci- 
fiquement dues au bruit, il est tres difficile ou meme impossible de determiner les frais pour 
les malaises ou troubles de sante qui en resultant. Il est encore plus difficile d’evaluer les 
effets cumules du bruit, des gaz d’^chappement et des autres facteurs de stress, A ce sujet, 
il y aurait lieu par example de determiner la valeur que chaque individu attribue au repos 
nocturne. 

Les frais des mesures palliatives sont les frais pour les modifications apportees aux auto- 
mobiles (mesures actives) et les frais pour les modifications dans la construction d’im- 
meubles et de routes — mesures d’insonorisation par example (mesures passives). 

Les frais pour les mesures d’insonorisation appliquees aux immeubles se montent a 
1, 7-4,8 millions de DM par km de rue. Pour Cologne par exemple, ville qui compte 924 000 
habitants, ces frais atteindraient 3,23 milliards de DM ou 3500 DM par habitant. En cal- 
culant ces frais en fonction des automobiles qui circulent dans la ville, chaque voiture faisant 
en moyenne 5000 km par an, on arrive a 4 Pfennig par km de course. 

Le probleme se complique lorsqu’on prend aussi en consideration la pollution de Pair 
due a la circulation automobile. La composition des gaz d’echappement depend de toute une 
serie de caraetdristiques du fonctionnement des automobiles : marche du moteur, melange, 
cyUndree, taux de compression, etc, D’autres facteurs sont Page de la voiture, son etat, etc. 
Il y a egalement des facteurs specifiques de la circulation: intensite du trafic, cycles (temps 
de stationnement, d’acceleration et de deceleration), qui, eux aussi, influent sur la quantite 
et la composition des gaz d’echappement. 

La repartition des composants polluants depend aussi de la largeur des rues, de la hauteur 
des batiments et varie avec les conditions meteorologiques. 

On voit done qu’il n’existe pratiquement pas d’indicateurs pour Pevaluation de la charge 
actuelle de Patmosphere en gaz d’echappement. 

On considere principalement comme nuisances les effets que le bruit exerce sur les 
hommes, mais on ne pent pas nier aujourd’hui que les gaz d’echappement des automobiles 
nuisent a la sante humaine, 

Il est toutefois presque impossible d’evaluer les effets chroniques que les substances 
polluantes que nous respirons annee apres annee ont sur notre organisme. Les effets 
imm6diats ne sont sans doute pas tres graves, mais peuvent fort bien causer a la longue de 
serieux troubles de sante, amoindrir nos capacites ou, tout simplement, nous mettre en 
mauvais 6tat physique, 

Comme dans le cas du bruit, les perturbations causees par les gaz d’echappement sont 
difficiles a determiner avec certitude et a evaluer en tant que frais. Il faudrait pour cela que 
la recherche medicale s’occupe de determiner les atteintes a la sante, la reduction de la 
duree de vie et du bien-etre des hommes, attribuables aux gaz d’echappement. Il faudrait 
en meme temps posseder un critere d’evaluation pour traduire en frais les prejudices en 
question. Pour le moment, e’est encore chose impossible. 

Cette lacune dans I’information nous oblige a evaluer les depenses specifiquement re- 
quises pour I’observance des valeurs-limites imposees par la medecine dans I’interet de la 
sante publique. 

La solution la moins couteuse et la plus avantageuse du point de vue de I’environnement 
consisterait a limiter rigoureusement la production de dechets; ce serait, pour ainsi dire, le 



240 


W. MOSER 


retour a I &ge des cavernes, 6poque ou il n’y avail que des ddchets organiques qui etaient 
sans autre reint6gres dans le cycle de la nature. Mais ne nous attardons pas sur des pensees 
utopiques et revenons k la r^alite! 

II est indispensable d’arriver a 

— r^duire, par des mesures approprides, la production de d^chets; 

— rdduire autant que possible, par une bonne gestion des dechets, les charges imposees 
a I’environnement; 

— retarder autant que possible, par un recyclage rationnel, I’epuisement des ressources 
naturelles; 

— maintenir les frais dans des limites economiquement tolerables, grace a I’optimisation 
et la rationalisation. 


(a) Reduction de la production de dechets 

II faut absolument 

— faire perdre aux consommateurs leurs habitudes de gaspiJlage (emballages perdus et 
marchandises de courte duree) et les inciter a devenir plus economes — le rencherisse- 
ment et Tinflation seront probablement benefiques a ce point de vue; 

— obtenir des fabricants qu’ils produisent des marchandises et denrees plus durables — 
du point de vue de la technique, c’est parfaitement realisable, mais il n’est pas stir 
que ce le soit aussi du point de vue de I’economie des entreprises. Le mot d’ordre 
d’avenir de I’industrie devra etre: “Qualite et durabilite au lieu de quantite et vie 
courte.” 

La recherche et la technique doivent arriver i 

— reduire la consommation de mati^res premieres et, partant, les quantites de matieres 
entrant dans la fabrication de chaque produit, pour autant que cela ne diminue pas 
la durabilite du produit. Il en est de meme pour ce qui est de la consommation 
d’energie: en economisant I’energie on produit moins de dechets. 

L’industrie et le commerce doivent accepter de 

— contribuer a reduire la production de dechets en utilisant plus d’emballages de cir- 
culation, de transport et de vente (cela concerne principalement le secteur des biens 
de consommation de masse). 

En plus d’une reduction effective des quantites de dechets — il ne s’agit en I’occurrence 
que des dechets solides, a I’exclusion des eaux usees et des gaz d’echappement, de com- 
bustion, etc. — ^les mesures precitees doivent contribuer a reduire les frais directs et indirects, 
ainsi que les pertes et les desavantages. 


(b) Reduction des charges imposees a Venvironnement 

Comme ce sont les charges imposees a I’environnement et les degats que nous lui in- 
fligeons qui occasionneront a I’avenir les frais les plus eleves, les pertes les plus graves en 
valeurs ideales et culturelles et les desavantages econoirdques les plus serieux, il est in- 
discutable qu’une bonne gestion des dechets est une mesure capitale de reduction des frais. 

C’est surtout dans un pays federaliste comme la Suisse, avec ses 25 cantons et plus de 
3000 communes, que 

— les solutions communales, de peu d’envergure, doivent ceder le pas aux solutions 
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globales, a I’echelon regional ou supraregional. Les interets locaux doivent rester a 
I’arriere-plan pour que Ton ait: 

— au lieu d’une quantite de petites usines de traitement des dechets, petites usines qui 
travaillent a frais Aleves et polluent outre mesure I’environnement (gaz de combustion, 
etc.), 

de grandes usines rationnelles qui travaillent a moins de frais (par tonne) et qui soient 
munies des installations les plus modernes et perfectionnees pour la protection de 
I’environnement (reduction des charges imposees a i’environnement). 

Les deux exemples donnes dans les annexes 2c et 2d prouvent clairement que les frais 
par tonne diminuent sensiblement plus on augmente la capacite de I’usine de traitement 
(voir annexes 2c et 2d). 

On arrivera mieux a reduire la charge imposee a I’envirormement et les frais en cons- 
truisant et exploitant quelques grandes usines de traitement des dechets plutot que beau- 
coup d’usines de petite et moyenne capacite. Cela s’applique non seulement aux installations 
conventionnelles (usines d’incineration et de compostage, decharges controlees, etc.), mais 
aussi et surtout aux usines de recyclage. 

Au lieu de la soixantaine d’installations deja en service ou encore en construction, il 
suffira k I’avenir d’avoir au maximum 23 installations de grande capacite (usines de re- 
cyclage corabinees avec des installations d’incineration, de compostage, de traitement des 
scories et une decharge controlee) pour trailer et recycler rationnellement tous les dechets 
communaux (1,6 million de tonnes par an). 

II est 6galement essentiel de determiner le systeme de gestion des dechets qui convient le 
mieux, premierement du point de vue de la reduction des charges imposees ^ I’environne- 
ment, et secondement du point de vue de la reduction des frais (optimisation de la technique 
de gestion des dechets — ^voir annexe 2e). 


(c) Recyclage rationnel, dans Vinteret de la conservation des ressources naturelles 

On ne pent desormais plus concevoir que la protection de I’environnement reste limitee 
a I’echelon national. Pour la Suisse par exemple — ^pays extremement pauvre en matieres 
premieres — le recyclage n’apporte quasiment pas de reduction directe des charges imposees 
a I’environnement du fait de I’exploitation des ressources naturelles. 

Toutefois, le recyclage apporte 

— une reduction directe des charges imposees a I’environnement du fait du traitement 
des dechets et, par consequent, une sensible reduction des frais; 

— une plus grande independance vis-a-vis de I’etranger en ce qui conceme certaines 
matieres premieres, ce qui est un avantage pour I’economie nationale. 

Comme toutes les mesures de reduction des frais ne pourront guere etre realis6es a court 
terme, ou meme a moyen terme, nous sommes d’avis que les frais causes par les dechets, 
frais qui font actuellement 1, 5-2,1 % du produit national brut, feront a I’avenir les 4-5 % 
du produit national brut. Cela represente une charge enorme pour la nation, et chaque 
citoyen s’en ressentira. 

La discussion des frais causes par les dechets risque de nous amener a conclure que la 
solution aux problemes de I’environnement, c’est-a-dire de la degradation de notre milieu 
vital, nous sera fournie par le progres technologique. Bien des gens croient que si la tech- 
nique a cree des problemes pour I’environnement, une nouvelle technologic sera capable 
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de les resoudre; ils croient aussi qu’on pourra achetcr la guerison de notre monde malade 
en payant les frais de cette teclinologie. 

Ernest Easier, renomme pour ses Etudes sur les problemes de Venvkonnement, a exprime 
dans la formule suivante les facteurs essentiels qui determinent la charge imposee a notre 
milieu vital : 


B-Jc ^ population x consommation per capita 
R-n milieu vital x degre d’efficacite ecologique 


(voir annexe 2f). 

La charge (0 imposee a I’espace vital croit avec le nombre d’habitants (B) et la con- 
sommation moyenne per capita (/c). D’autre part, cette charge se repartit sur I’espace vital 
a disposition {R), espace qui ne peut pas etre agrandi et qui est la seule grandeur fixe dans 
cette formule. Le degr6 d’efficacite ecologique (ii) indique I’effet qu’un taux determine de 
consommation exerce sur I’ecologie. Les moteurs automobiles actuels produisent un 
volume determine de transport, dont la valeur ecologique est plus petite que celle des 
moteurs non polluants. Le degre d’efficacite (n) est par consequent determine par I’etat 
auquel est parvenue la technologie de I’environnement. La consommation par tete d’habitant 
{k) s’exprime par des grandeurs telles que, par exemple, la surface habitee par personne (y 
compris la residence secondaire ou la maison de vacances), le nombre annuel de kilometres 
parcourus en auto, la consommation annuelle d’energie en kWh par personne, etc. Dans 
un systeme oh la technologie de I’environnement existe deja, la consommation per capita 
est a peu pres proportionnelle au revenu per capita. 

Mecanismes de Vaccroissement en fonction de ces facteurs: (R) reste constant, tandis que 
la population et la consommation per capita augmentent, et cela, pour une part essentielle, 
de fa?on exponentielle. Cela doit forcemeat amener une collision avec les plafonds de crise 
et avec les limites ecologiques. 

On arrive ainsi a la question de savoir comment la technologie — en particulier la tech- 
nologie de I’environnement — ^peut nous aider a eviter la collision. Elle determine le degre 
d’efficaeite ecologique («) qui indique dans quelle mesure un niveau determine de con- 
sommation accable I’environnement. On peut citer en exemple reparation des eaux usees 
ou la mise au point d’automobiles sans echappements de gaz nocifs. Une voiture qui ne 
degage plus qu’un tiers de gaz par kilometre a une valeur ecologique plus elevee. Une 
machine — ^par exemple une auto — qui s’use moins rapidement et dont la vie est par con- 
sequent plus longue (qui necessite done des amortissements moins eleves) possede un 
meilleur degre d’efficacite ecologique pour ce qui est de la consommation de matieres 
premieres, ete. A consommation egale, la charge imposee a I’environnement est moins 
grande, ou, dit de fapon plus osee, a charge egale imposee ^ I’environnement correspond 
une consommation qui peut de nouveau etre accrue. Nous voici ainsi arrives au pihgc 
technologique et a I’insuffisance de la strat%ie! 

Faisons la supposition suivante: en 1960, aueune mesure de reduction des gaz d’echappe- 
ment n’est encore appliquee; en consideration de I’aecroissement des kilometres annuels 
parcourus par les automobiles, accroissement qui est de 7 %, la limite de tolerance sera 
atteinte en 1980 deja. On met alors au point un moteur qui permet d’eliminer les 80 % des 
gaz d’echappement. Admettons que ce nouveau moteur soit mis sur le marche des 1970 et 
que, jusqu’en 1980, toutes les voitures en soient munies. Le succes est certain, se dira-t-on 
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cn 1980 — la pollution de I’air est bien inferieure a ce qu’elle etait il y a dix ans. En realite, 
la situation se remettra it empirer des 1980 et la collision avec la limite de tolerance — 
retardce d’unc vingtaine d’annees — finira tout de meme par avoir lieu, pour la simple 
raison que Ton n’aura pas resolu le probleme fondamental, c’est-a-dire celui de I’accroisse- 
ment. 

Le meme processus se deroule en Suisse, dans le domaine de la protection des eaux, 
comme I’a dit le Professeur Wuhrmann dans une de ses conferences. Nous construisons des 
stations d’epuration depuis une vingtaine d’annees et esperons que, d’ici quelques annees, 
nous scrons en mcsurc d’epurcr la totalite des eaux usees produites dans notre pays. On 
constate deja une amelioration de la qualite de I’eau de diverses rivieres et de plusieurs lacs. 
Si cependant la tendance actuelle se poursuit, c’est-a-dire si nous continuous de produire 
chaque annee 3-6 % plus d’eaux usees — ^meme si elles sont epurees — ^il faut s’attendre a ce 
que la pollution des eaux soit dans une dizaine d’annees, malgre toutes les stations d’epura- 
tion, de nouveau aussi grande que vingt ans auparavant, avant la construction des nouvelles 
stations d’epuration. 

La protection technologique de I’environnement est incapable, d elle settle, de resoudre 
le probleme. 

Quant a savolr dans quelle mesure on pourra, grSce a d’enormes investissements, 6viter 
ou retarder (pour combicn de temps?) la crise de I’environnement, je n’ai pas la pretention 
de r6pondre a cette question. Je prdfere laisscr les futurologues debattre ce probleme. A 
mon humble avis, il faudra non seulement de I’argent — beaucoup d’argent — mais aussi une 
modification fondamentale de la structure sociale, de notre mentalite et de notre maniere 
d’agir, si nous voulons nous conformer a I’idee directrice de ce congres mondial qui s’intitule 
“Vers un plan d’action pour I’humanite’’. 

Je vous remercic de I’attention que vous m’avez accordde. 
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ANNEXE 1 


Tableau 7. Gnz d’ichnppcmcnt A Ja sortie dcs chcminiScs 


Substances 



Consommation 


polluantcs 

Agt. dc 


cn mio.de t. 


offensives inof. 

transport: 

No. 

par an 

Nature dcs gaz d'dchappcmcnl 

mio.t/an mio.t/an 

air mio.t./an 


8 

mazont ct liiiilc Diesel C~89% 





H=10%,S=]% 

HjO + CO. 

21 

140 



SOj 

0,2 


2 

2 

benzine C==89%. H=]0% 




plomb, etc., 1 % 

1-1,0 +COj 

5 

25 



combinaisons organiques PbQ, NOj, 





CO ct autres combinaisons 
inorganiques 

0,2 



4 

cinient 

(Ics combustibles du No 1 





contiennent du HjO ct du CO. 
provenant du Ca COj) 

1 




poudre dc clinker 

0,1 


4 

3 

gaz d’deliappcincnt ciii rcstc tie 

I’indnslrie ct dcs nidticrs, ainsi qua 
cenx prodiiifs par I'inciniration 
dcs gadoucs ct dcs bones 


535 



(Ics gaz produits par la combustion 
du mazout— voir No. 1 — 





contiennent du CO. ct du H.O) 

2 




substances polluantcs 

0,2 


5 


Amissions dans Tatmosphirc 

29 0,7 

700 

6 


total des gaz 

730 


7 


concentration moyenne dcs substances 

100 g/t 




polluantes contenues dans les gaz 

d’air 



Tableau 8. 

Eaux usics avant I’entiAe dans les stations d’dpuration 





Substances 

Agt. de 


Production 

Nature des eaux usAes 

polluantes 
inoffens. nocives 

transport: 

eau 

No. 

mio t/an 


mio, t/an 

mio. t/an 

8 

1000 

eaux usees communalcs 


1000 



sets inorganiques, sans les 
substances nutritives 

0.1 




matiAres dAcomposables, sous forme 





deC 

0,07 




matieres non-dAcomposables, sous 
forme de C 

substances nutritives (fertilisants). 

0,03 




sous forme de P 

0,01 




pollution mAcanique 

0,02 


9 

1000 

eaux usies ne provenant pas des 


1000 



communes 




sels organiques, sans les substances 





nutritives 

0,1 
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Tableau 8. (co«L) 


mati^res decomposables, sous 



forme de C 

matieres non-ddcomposables, sous 

0,07 


forme de C 

substances nutritives (fertilisants). 

0,03 


sous forme de P 

0,01 


pollution mecanique 

0,01 

10 

Emissions dans I’eau 

0,2 0,26 

11 

total des eaux usees 

2000 

12 

concentration moyenne des 
substances polluantes contenues 



dans les eaux usees 

130 g/t 


Tableau 9. D6chets solides avant I’incin^ratioii 



• 


Substances 

moyen de 




polluantes 

transport: 


Production 


inoffens. nocives 

camions 

No. 

mio. t/an 

Nature des dechets 

mio. t/an 

mio. t/an 

13 

1,2 

dechets traites dans les installations 
communales 






inoffensifs 

soufre et dechets halog6n6s 

1.2 

0,01 

4 

14 

0,8 

autres dechets 



3 


inoffensifs 
substances nocives 

0,8 

0,0’1 



15 

1,0 

bones produites par les stations 
d'epuration 

1.0 

0,01 

3 

16 

3,0 

dechets solides 

3,0 

0,03 

10 

17 


poids brut au transport 


13 


18 


charge utile: poids brut 


23% 



Tableau 10. Bilan total des substances polluantes 




Substances 

polluantes 

Total 



inoffens. nocives 

en 

No. 


mio. t/an 

mio. t/an 

5 

dans les gaz d’6chappement 

29,0 

0,7 

29,7 

10 

dans les eaux us6es 

0,2 

0,26 

0,46 

16 

dans les ddchets solides 

3,0 

0,03 

3,03 



32,2 

1.0 

33,2 


les gaz d'echappement contiennent: 

— substances polluantes au total 

— substances nocives 


71% 

89,5% 


les eaux usees contiennent: 

— substances polluantes au total 

— substances nocives 


26% 

1,5% 


les dechets solides contiennent: 

— substances polluantes au total 

— substances nocives 


3% 

9% 


Total 


100% 

100% 
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Diagrammc du bilan total dcs substances polliiantcs 

dans Ics gaz d’dcbappcmcnt: dans Ics caux usdes: dans Ics ddebets solidcs: 

1 =au total 29,7 mio dc tonnes 1 =au total 0,46 mio do tonnes 1 =au total 3,03 mio dc tonnes 

par an par an par an 

2=inotrcnsivcs 29 mio do tonnes 2=inolTcnsivcs 0,2 mio dc tonnes 2=inoITcnsivcs 3 mio dc tonnes 
par an par an par an 

3=nocivcs 0,7 mio dc tonnes 3=nocivcs 0,26 mio dc tonnes 3=nocivcs 0,03 mio dc tonnes 

par an par an par an 



(Situation 1971 — ^Extrait du Rapport technique dc la Ligue pour la Propretd cn Suisse) 
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ANNEXE 2 


Annexe 2a: 
Annexe 2b : 

Annexe 2c: 

Annexe 2d: 
Annexe 2e: 
Annexe 2f: 


Exemple d’un schema des frais d’une usine d’incineration 

Subventions de I’Etat dans le secteur de la protection de I’environnement 

(Suede 1968/69 — 1972/73 — en millions de couronnes suedoises) 

Exemple de la reduction des frais de traitement par tonne resultant de la 
capacite accrue de I’usine (Garrett Research and Dev. System) 
idem, pour le compostage (TPD=tonne par jour) 

Schema comparatif des frais de divers systemes de traitement des dechets 
Charge imposee a I’environnement dans divers pays (selon la formule Easier) 


Annexe 2a 


Exemple d’un schema des frais d’une usine d’incMration 


Frais de 

















248 


W. MOSER 


Annexe 2b 

Staatliche Zuschussc im UmwcKschutzbcrcich Haushaltsjahrc 1968/9-1972/3 (Mio schw.Kr.) 

68/69 69/70 70/71 71/72 72/73 


Umwcltschutzforschung (Univcrsitatcn und 
dcrgleichcn nicht cinbcgrinTcn) 

Das staatliche Amt fur Umwcitschutz 
Das Konzcssionsamt fiir Umwcitschutz 
Umweltschutzinformation 
Sicherstellcn und POcgc von Naturschutzgcbictcn 
Zuschusse fur kollcktive Forschung in den Gcwiisscr- 
und Luftrcinhaltungsbcrcichcn 
Beihilfen zu kommunalen Kliiranlagcn 
Gewasserrcinhaltungsuntersuchungcn, 
Scerestaurierungen etc. 

Zuschusse fur Schutzmassnahmcn gcgcn Wasscr- 
und Luftvcrunreinigungcn in dcr Industrie 
Bereitschaft fur Olbckampfung zur See 
Die Bezirksregierungen fur Naturschutzzwcckc 
Die schwedische Staatsforstvcrwaltung fur 
Naturschutz- und Freiluftzwccke 
Wildpflege 

Die schwedische Arbeitsmarktdirektion fur 
Bereitschaftsarbeiten im Bereich der Naturpflege 
(Rodung, Landschaftspflege etc.) 

Das Planwesen (Das Reichsamt fur Stadteplanung 
und Bauwesen, Reichsplanung, Regionplanung) 
Mittel fur Anlagen fur Sport und Freiluftleben: 

Anlagenbeitrag Organisationsbcitrag 
Organisationsbeitrag 

Die schwedische Arbeitsmarktdirektion fur 
Bereitschaftsarbeiten im Bereich des Sport und 
Freiluftlebens 
Das Giftamt 

Gesamtsumme 


15,0 

17.5 

19,0 

22,0 

28,0 

6,1 

10,1 

12,0 

13,4 

21,2 

- 

0,5 

0,5 

1,1 

1,4 

0,6 

0,7 

2,2 

2,2 

2,2 

9,3 

14,7 

17,7 

18,7 

21,1 

0,6 

0,6 

1,2 

1,2 

1,2 

40,0 

50,0 

60,0 

130,0 

130,0 

4.0 

4,0 

4,0 

4.0 

4,0 


50,0 

50,0 

50,0 

50,0 

- 

- 

2.5 

5.5 

5,5 

9.7 

12,5 

14,5 

30,6* 

35,3 

0.5 

0,6 

0,6 

0,6 

0,6 

4,8 

4.9 

5.4 

5.7 

5,7* 

9,7* 

19,7* 

20,0* 

25,0* 

30,0* 

16,0 

22,7 

24,2 

11,1* 

21,3‘ 

7.6 

9,5 

16,5* 

22,0 

23,6 

30,4 

33,4 

40,4 

45,4 

50,9 

16,5* 

20,0* 

20,0* 

20,0* 

30,0* 

0,4 

0,6 

1,2 

1.4 

1.4 

171,2 

272,0 

311,9 

409,0 

463,4 


Annexe 2c et Annexe 2d 

Effect of system capacity on operating costs (Garrett Research and Dev. System) 



250 TPD 

500 TPD 

1000 TPD 

2000 TPD 

Total annual cost 
Resource value 

51,111,000 

415,000 

51,911,000 

830,000 

53,287,000 

1,661,000 

55,650,000 

3,322,000 

Net annual cost 

Net cost per ton 

5696,000 

59.28 

51,081,000 

57.21 

51,626,000 

55.42 

52,328,000 

53.88 

Composting 


250 TPD 

500 TPD 

1000 TPD 

2000 TPD 

Total annual cost 
Resource value 

51,211,000 

276,000 

51,902,000 

552,000 

52,987.000 

1,103,000 

54,699,000 

2,206,000 

Net annual cost 

Net cost per ton 

935,000 

512.46 

1,350,000 

59.00 

1,884,000 

56.28 

2,493,000 

54.14 


Source: Resource and Recovery: The State of Technology (Feb. 1973). 
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Annexe 2e 

14 .OO 1 - Summery of resource recovery process economics 

Net operating costs ossocioted with 
municipolly-owned resource recovery 
processes ot various piont capacities 
(20 year economic life ; 300 days 
per year operation) 



2 . 00 )- 


Incinerotion- 
steam reco'/ery 

Composting 

Pyrolysis 

Materiols 

reco'/ery 

Sonitary lond 

fill 


250 

500 

JOOO 

"5055 




Plant capacity (tons/day) 






Total 

Resource 

Net 

Net cost 


Investment 

Annual 

value 

annual 

per input 

Process concept 

(SOOO) 

cost (SOOO) 

(SOOO) 

cost (SOOO) 

ton (S) 

Incineration and steam recovery 

11,607 

3116 

1000 

2116 

7.05 

PjTolysis 

12,334 

3287 

1661 

1626 

5A2 

Composting (mech.) 

17,100 

zm 

1103 

1884 

e.zz 

Material recovery 

11,568 

2759 

1328 

1431 

4.77 

Sanitary landfill (remote) 

2,817 

1781 

0 

1781 

5.94^ 


Source: Midwest Research Institute. 


Annexe 2f 

Tableau 11. Charge imposee a rensironnement dans divers pays 
(selon Ja fortnule Easier) 

Le patent tel de pollution 


Pay's 

Produit national farut/superSde 
Sfkm- 

HonaJ:one 

2500000 

Hollande 

750000 

Japon 

540000 

Suisse 

410000 

GrandS'Eretagne 

350000 

ItaL'e 

240000 

Fracas 

lEOOOO 

Anttidks 

140000 

Htsts-Ucis 

100009 


550CO 

Nor/^ 

2iO09 

Ii^ds 

14030 

Ca.aada 

7505 

Australie 

3 “03 


Source: Etuar: d'lroe ccaisre: 

Stucco:, ETHZ, 
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ANNEXE 3 

Rapport sur Ic voyage d’i5ludc organisd par la Liguc pour la Propretd cn Suisse pour 
la visile des usines de trailcment des ddehets de la Ville de Rome, 

Texte: D. Stiekelberger/IRC-WHO et W. Moser/Ligue pour la propreld en Suisse, 
Photos: G, Rolld/EAWAG et W. Moser/Ligue pour la propretd en Suisse, 

Rddaetion: W. Moser, 

Zurieh, le 23 novembre 1973 


1 , Service de ramassage des ordures de la Ville de Rome 

La colleetc des ddehets communaux (des mdnages, ateliers, cte,) des 2,9 millions d’habi- 
tants a lieu 7 jours par semaine, e’est-A-dire y compris les dimanches ct Ics jours ferics, Le 
pare de camions de ramassage comprend 600 vdhiculcs ct, chaque jour, 1250 membres du 
personnel de voiric (au total 1800 personnes) sont sur pied pour la colleetc des ddehets, 
Comnic rdcipients, sculs les sacs cn polydthylcnc sont tolcrds (sacs de 110 1 pour les 
grand immcublcs localifs, etc,, ct sacs de 35 1 pour les habitations particulicrcs et les 
mdnages individuels), Chaque jour, les ouvriers de la voiric colicctcnt entre 200 000 et 
250000 sacs de 110 1 ct distribuent cn memc temps les nouveaux sacs vides, Le prix des 
sacs est compris dans la taxc municipalc, taxc qui se monte a 1 1 000 Lircs par habitant et 
par an (recettes totales: environ 30 milliards de Lircs), 

Les frais totaux de ramassage dcs ordures, nettoiement des voics publiques, etc,, se 
montent a environ 35 milliards de Lires, L’cxccdent des depenses est couvert par le produit 
des impots, 

Les distances entre les centres de ramassage ct les usines de traitement dcs ddehets sont 
de 16 k 30 km, Les usines sont situdes a Pest et ^ Pouest de la ville, chacunc a environ 17 
km du centre de Rome, 


2, Les usines de traitement des dichets 

Le traitement des dechets municipaux — ^il y en a environ 2200 t par jour — s’effectue dans 
quatre usines, les 3/4 des ddehets dtant traitds dans trois usines de recyclage (environ 1600 
t/jour) et le reste dans une usine de compostage (environ 600-700 t/jour). 

L’usine de compostage et une des usines de recyclage se trouvent a Pouest de la ville, 
les deux autres usines de recyclage a Pest (voir illustration No, 1), 


2,1, Collaboration entre les autorites municipales et les entreprises privies 

Les trois usines de recyclage sont des entreprises privdes qui se sont assocides en une 
sorte de consortium. L’exploitation et Padministration sont assurdes par des employds 
engagds et rdmundrds par les entreprises privdes en question. 

De son cotd, la municipalitd exploite Pusine de compostage et se charge de Penlevement 
des ordures. Les modalitds de ce systeme de collaboration sont rdgldes par un contrat de 
15 ans, la municipalitd s’dtant toutefois reserve le droit de rdsilier le contrat avec prdavis 
d’une annde. 
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En signant le contrat, la municipalite s’est engagee a assurer le ramassage des dechets et 
a les livrcr aux usines de traitement. D’autre part, le groupe d’entreprises privees s’est 
engage a trailer et recycler les dechets. 

2.2, Modalites d'ordre financier 

Le probleme des frais a ete rdsolu par un arrangement certainement unique en son genre. 

— La Ville de Rome paie, par tonne de dechets livres, 50 % des frais de traitement, II 
faut noter a ce sujet que les frais d’incineration consideres comme usuels en Italic se 
montent a 7000-8000 Lires par tonne (en novembre 1973, la municipalite paie par 
exemple 3480 Lires par tonne de dechets livres). 

— Le solde de 50 % est couvert par la vente des matieres premieres et des produits qui, 
apres recuperation et traitement dans les usines da recyclage, sont redevenus utilisables. 

— Le total des recettes est de I’ordre de 7000-8000 Lires par tonne (cout de base de 
I’incineration). 

Et voici encore quelques indications qui montrent encore mieux combien ces modalites 
sont vraiment uniques en leur genre: 

— Pour chaque matiere recyclable (actuellement le fer (ferrailles), le papier et les four- 
rages concentres) on <5tablit une cote fixe (pourcentage qui, chaque annee, est adapte 
aux nouvelles possibilites ofiertes par la technologie). 

— Pour la vente des matieres et produits recup6res et traites, on se base sur les prix 
officiels indiques par la Chambre de Commerce. Ces prix sont revises tons les quatre 
mois (ferrailles, papier brut, mais pour les fourrages concentres), 

— Si, par exemple, les prix en vigueur sur le marche augmentent de 50 % (soit pour Tun 
ou I’autre des produits, soit pour tous les trois), la municipalite paie, par rapport a 
la cote de recyclage fixee pour chaque categoric de matieres, une participation de 
50 % moins elevee, puisque les produits recycles peuvent des lors etre revendus k 
150 %, au lieu de 100 % comme fixe precedemment. 

Exemple: papier 

Hypotheses: cote fixe de recyclage pour 1973= 10 % de la quantite totale des dechets, 
le prix du marche pour le papier brut subit une augmentation de 50 %. 
La municipahte paie alors, durant les quatre mois suivants, une somme de 50 % 
moins elevee pour 10 % de la totalite des dechets h’vres; 
ou, en d’autres termes: 

au lieu de 3600 Lires par tonne pour cette portion de 10 % des dechets — ^portion qui 
se monte aujourd’hui a 160 1 — la municipalite ne paie plus que 1800 Lires par tonne. 

En outre, les usines de recyclage sont fibres de fixer ellesmemes les prix de vente. 

2.3. Structure et capacite des usines de traitement et recyclage 

Les usines ont ete mises en service il y a soit 10 ans, soit 7 ans, et, depuis, eUes ont ete 
constamment agrandies et modemisees. Ci-apres est reproduit le schema du deroulement 
du traitement, deroulement qui est en principe le meme dans chacune des trois usines, les 
seules variations se rapportant aux capacites, au nombre de machines et aux types de 
machines. 

Quantite totale de dechets livres: env. 2200 t/jour (100 %) dont: 
env. 30 % de dechets de papier et de carton. 
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env. 45 % de dccliets organiqucs, 

cnv, 3 % dc dcchcts m6talliqucs (dont cnv. 10 % dc mctaux non-fcrrcux), 

env. 5 % dc dcchcts de vcrrc, 

cnv. 5 % dc dcchcts de maticres plastiques, 

cnv. 12 % dc maticres diverses. 

On observe d’une manierc gencrale que Ics dcchcts organiqucs ont tendance a diminuer 
continucllemcnt (cn 1960, Ics gadoues conlcnaient encore 60-65 % dc matierc organique), 
alors que la teneur en papier ct maticres plastiques est cn augmentation constante. 
Schema du traitement des ddchets tcl qu’il est cfTcctuc aujourd’hui a Rome: 


QuanUte tofole de dechets livres 
100% 


Olchers orga- 
niques legers 
IQ% 


Fragments grossiers 
10 % 


Recycloge des mi^taux ferreux 3% 


Recycloge du papier 10% 


Recycloge des etchers oli- 
mentoires 23V» 


42% 

27% 


Resides divers et 
orgonlque s 17% 


54% 




32% 



Production de compost 22% 


Incineration 

42% 


Recup^rotion de vopeur 
et d’energle 


On prevoit d’ajouter prochainement au systeme les elements suivants, dont quelques-uns 
sont deja en construction: 

— ligne de recuperation des dechets de verre, 

— „ „ „ de matieres plastiques, 

— agrandissement de la recuperation du papier (augmentation de la capacite), 

— installation de traitement des boues d’epuration. 


2.4. Deroulement des operations 

Les camions de ramassage dechargent les sacs a ordures dans un petit silo. De la, les 
sacs parviennent dans une installation a double voie ou ils sont ouverts. L’installation en 
question consiste (1) en couteaux parallMes, (2) en un tambour rotatif muni de crochets. 
Pour empecher les emissions de poussiere, on a recours a des apports de vapeur. II est 
indispensable d’ouvrir et dechiqueter les sacs avant de pouvoir proceder au triage. II y a 
quatre etapes de triage: 

— ler triage: extraction des fragments grossiers, 

— 2me triage: extraction des metaux par bande magnetique, 

— 3me triage: extraction du papier et des dechets de matieres plastiques, 

— 4me triage: separation aussi poussee que possible entre le papier et les dechets de 

matieres plastiques. 
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(a) Incineration. La portion de dechets incineres se monte a environ 42 % des quantites 
totales dc dechets livres aux usines de traitement des dechets de Rome. 

Capacite: un four a 60 t/jour, dimensionne et regie pour produire 1500 kgcal/kg 

2 fours a 100 t/jour, dimensionnes et regies pour produire 2500 kgcal/kg. 

Temperature d’incineration: env. 900°C 

Rendement de la chaudiere : 2 x 4500 kg de vapeur a I’heure, 

1 X 1000 kg de vapeur a I’heure 

Pression de la chaudiere; 6 atm, 

80 %de la vapeur produite sont utilises dans, I’usine elle-meme,- 
ct 20 % sont vendus a I’exterieur. 

Les fours travaillent 7 jours par semaine, a raison de 24 h. par jour. 

II sullit a I’usine de brulcr 3 % des quantites totales de dechets pour produire la quantite 
de vapeur requise pour I’exploitation (les 70 % qui restent seront recycles a I’avenir). 

(b) Recyclage des inetaux ferreux. La teneur des dechets en metaux ferreux est de 3 % 
environ. Le taux d’extraction atteint par la separation magnetique est de 90 % env. 

It de metaux ferreux produit en moyenne environ 800 kg de ferrailles pouvant etre 
vendues. II y a environ 35-40 t de metaux ferreux dans les dechets livres chaque jour aux 
usines. 

Derouleinent des operations: Les metaux ferreux extraits des dechets sont flambes dans 
un four rotatif special, puis desetames (a la temperature de 600-700'’C). Les ferrailles ainsi 
produites, qui sont de qualite etonnamment pure, sont pressees en blocs, puis acheminees 
par camions vers les acicries. 

L’installation travaille 6 jours par semaine, a raison de 6-7 h. par jour. 


(c) Cowpostage. La teneur des dechets en matieres compostables est d’environ 22 %. 
Avec 1 1 de matieres compostables on produit environ 630 kg de compost. 

Derouleinent des operations: Le compost est produit selon la methode habituelle de 
compostage en tas d’une hauteur de 130 cm. Le groupe d’entreprises possede une “Haci- 
enda” de 150 ha, dont 40 ha sont utilises comme aire de compostage. Grace a une machine 
specialement construite, a spirales concentriques, le retournement des tas — ^pour I’aeration 
du materiel — s’effectue automatiquement et rapidement. 

L’usine de compostage travaille 16 h. pendant les 6 jours de semaine (2 equipes) et 6 h. 
le dimanche. 


(d) Production defourrage concentre (recyclage des dechets alimentaires). La teneur des 
gadoues en dechets alimentaires est d’environ 23 %. Avec 1 t de ces dechets, on produit 
environ 200 kg de fourrage concentre, 

Derouleinent des operations: Les dechets sont laves, puis separes par flottation du papier, 
des matieres plastiques, etc. Ils sont ensuite laves une seconde fois, puis presses (ce qui 
permet d’en extraire 15 % de la teneur en eau), puis entreposes dans un silo intermediaire. 
Par la suite, ils sont sterilises dans des autoclaves (il y a en tout 26 autoclaves dans les 3 
usines), processus qui dure deux heures et se deroule a 130°C (les autorites de Sante Publique 
prescrivent 20 minutes et 120°Q. La duree plus longue et la temperature plus elevee utilisees 
par I’usine de recyclage modifient la consistance physique du materiel et creent des con- 
ditions ideales pour la suite du traitement. Apres sechage a 80-90°C (qui reduit a 50 % la 
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teneur en eau), le materiel passe successivement dans un moulin a marteaux, un crible 
vibratoire, un appareil aspirateur et arrive dans un silo intermediaire. II contient main- 
tenant 98 % de matiere biogene et 2 % de matiere inerte (la limite de tolerance est d’environ 
10 %). 

Le fourrage concentre, qui se presente sous forme pulverulente, est transforme en dragees 
par un procede utilisant une forte pression, des apports de vapeur et, eventuellement aussi, 
des additions de proteines (environ 10 %). Les dragees sont, soit entreposees dans un silo, 
soit mises dans des sacs pour le transport a I’exterieur, La valeur nutritive du fourrage 
concentre correspond a 70 % de celle du mais. 

Pour economiser I’energie et la chaleur, les installations travaillent 24 h. par jour pendant 
6 jours chaque semaine. 

(e) Recychge du papier. La portion de papier dans la quantite totale des dechets livres 
aux usines de traitement est d’environ 10 %. 

II est possible de recycler environ 75-80 % de la quantite totale du papier contenu dans 
les gadoues. 

Avec une tonne de papier, on produit environ 820 kg de cellulose reutilisable dans la 
fabrication du carton. 

Deroulement des operations: Apres la separation mecanique et automatique des matieres 
plastiques, le papier — qui contient encore un faible pourcentage de matieres plastiques — 
est presse en balles et conduit par bande convoyeuse vers les “pulpers” (machines qui le 
transforment en pite). Comme les matieres plastiques ne se dissolvent pas dans les pulpers, 
elles peuvent 6tre extraites assez facilement. Pour la preparation de la cellulose, I’extraction 
des particules etrangeres, la deshydratation, etc., on a recours aux methodes convention- 
nelles. 

La masse de cellulose est acheminee directement vers les fabriques de carton et carton 
ondule. 

On est en train d’agrandir I’installation pour en doubler la capacite. 

Les installations de recuperation du papier et de preparation de la cellulose travaillent 
6 jours par semaine a raison de 24 h. par jour. 


2.5. Besoins en personnel, investissements,frais d'entretien, consommation d’eau et production 
d'energie 

Les besoins actuels en personnel pour toutes les installations (y compris la planification 
et I’administration) sont calcules sur la base d’une personne pour 6 tonnes de dechets. Une 
fois que les installations auront ete agrandies pour atteindre la pleine capacite, il faudra 
compter une personne pour 10 tonnes. 

Les frais d’investissements pour les usines de recyclage correspondent a peu pres a ceux 
d’une grande usine d’incineration. Pour une installation pouvant traiter 600 t de dechets 
par jour, les investissements se montent a 6 milliards de lires, les frais d’entretien sont 
d’environ 20-30 % inferieurs a ceux des usines d’incineration. 

L’epuration des gaz de I’usine d’incineration necessite une consommation quotidienne 
d’eau d’environ 1 m7t. Dans toutes les autres usines, I’eau est recircuiee en cycle ferme 
(100 %). L’cau est epuree par oxydation et sedimentation dans les usines elles-memes. 

Avec renergic recuperee dans I’usine d’incineration (vapeur), on couvre la totalite des 
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Long-range Mineral Resources. 


besoins de toutes les usines du groupe. La consommation d’energie est d’env. 12 kWb/t. 
L’excedent (env. 15-20 %) est livre a une fabrique avoisinante. 

Abb. 1. (1) Doppelanlage im Western der Stadt — ^Kompostieranlage, Kapazitat ca. 700 Tagestonnen, 
— ^Recyclinganlage, Kapazitat ca. 400 Tagestonnen. 

Fig. 1. (1) Usine double k I’ouest de la ville. — usine de compostage, capacltSenv. 700 t/jour, — usine de 

recyclage, capacity env. 400 t/jour. 

111. 1. (1) Double plant in the western part of the city — composting plant, capacity approx. 700 t/day, — 

recycling plant, capacity approx. 400 t/day. 

Abb. 1. (2) Doppelanlage im Osten der Stadt — 2 Recyclinganlagen, Kapazitat je 600 Tagestonnen. 

Fig. 1. (2) Usine double h Test de la ville — 2 usines de recyclage, capacity 600 t/jour chacune. 

m. 1. (2) Double plant in the eastern part of the city— 2 recycling plants, capacity approx. 600 t/day each. 
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Abfallanlieferung 
Entree des de^chets 

Reception 





2 ' 200 t/Tog/jour/day 


■N. 


Automotische sortierung 
Triage outomotique 
Automated sorting 




t 




^ let 


R^ststoffe Eisenmetalle Leichte org.Mat Lebensm. Abf. Papier 

Resjdus Meteoux ferreux Mot. organ, fines D. alimerifaires Papier 

Residues Ferrous mat. Fine orgonic mot Edible material Paper 



Abb. 2 Fig. 2 111. 2 

Fig. 2. Long-range Mineral Resources. 


Abb. 2 / Fig. 2 / III. 2 

(a) Reststojfe / Residus / Residues 

1) Verbrennung / Indneration / Incineration. 

2) Dampfcrzcugung / Production de vapeur / Steam production. 

(b) Hsenmetalle j Mitaux ferreux j Ferrous rriaterial 

3) Ausbrcnnung und Entzinnung / Flambagc et des6tamage / Burnout and detinning. 

4) Schrottvcrprcssung / Compactage / Bailing. 

(c) Leichte organische Materialien / Matiirc organiquc fine / Fine organic material 

5) Zcrklcincrung und Homogenisicrung / Broyage ct homogendsation / Grinding and homogenizing. 

6) Fermentierung / Fermentation / Fermenting. 

7) Reinigung / Epuration / Purifying. 

S) Mictcnaufschuttung / Misc cn tas / Stoking. 

9j Rcifung / Maturation / Curing. 

(d) Lebensmitteiahfalle / Dcchcts aiimentaires / Edible material 

10) Waschprozesse / Las-ages / Washing. 

1 1) Sterilisation / Sterilisation / Sterilizing. 
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12) Trocknung / Sdchage / Drying. 

13) Reinigung / Epuration / Purifying. 

14) Pulverisierung / Pulverisation / Pulverizing. 

15) Tabletten- (Dragees-) Herstellung / Confection de dragdes / Pelleting. 

IQ Abpackung / Empaquetage / Bagging. 

(e) Papier / Papier / Rqper 

17) Ballenpressung j Mise en balle / Baling. 

18) Zellstoffaufbereitung (Pulper) / Preparation de la pate de papier / Pulping. 

19) Reinigung / Epuration / Purifying. 

20) 1. Eindickung / premier Epaississement / 1° Thickening. 

21) Homogenisierung / Homogdneisation / Homogenizing. 

22) 2. Eindickung / second Epaississement / 2° Thickening. 


Schema der Abgas- und Abwdsserreinigung 
Schima de I'dpuration des gaz et des eoux usdes 
Diagram of gas and wafer treatment 
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Treatment of water from the scrubbers 
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ANNEXE 4 


Tidiness and the Better Management of Resources 

Speaking notes of Wolfgang Moser, General Secretary of the Keep Switzerland Beautiful 

Orgam'zation 


The Vicious Circle 


Raw materials extraction: 

(a) extraction of unrenewable natural resources 
(such as metals, mineral oil, rocks, sand, etc.) 

(b) excessive exploitation of renewable natural 
resources (such as vegetal and animal products) 


Transport environmental stress 


Environmental stress and direct and indirect 
detrimental effects 

damage to the landscape (caused by mines, 
gravel pits, deforestation, etc.) in the form 
of alterations, disturbances in the equilibrium 
of nature, erosion, transformation into 
steppes, etc. 

solid, liquid, and gazeous wastes 
degradation of the landscape caused by 
uncontrolled dumps 

extermination of animal and vegetal species 
energy consumption, thermal pollution, noise 


Raw materials utilization: Environmental stress and direct and indirect 

(a) processing of raw materials toward their utilization detrimental effects 

in the production of goods (c.g. metal ore, solid, liquid, and gaseous wastes 

crude oil, wood, etc.) energy consumption, thermal pollution, noise 

(b) direct processing of raw materials in the production degradation of the landscape caused by 

of goods uncontrolled dumps 


Transport environmental stress 


Consumer goods industry: 

(a) production, processing, packaging (packaging for 
protection, storing and transport) 

(b) distribution (wholesale and retail) 

Transport environmental stress 

Corjumption of goods: 

(a) Food, combined with non-food in the form of 
packaging 

(b) Non-food (utility and luxuo' goods), also 
combined with packaging material 

Wastes 


Utilization of animal and vegetal resources 
(agrieulturc, livestock husbandry, etc.) 
environmental stress and direct and indirect 
detrimental effects 

Environmental stress and direct and indirect 
detrimental effects 
solid, liquid and gaseous wastes 
energy consumption, thermal pollution, noise 


Environmental stress and direct and indirect 
detrimental effects 
solid, liquid and gaseous wastes 
energy consumption 


Environmental stress and direct and indirect 
detrimental effects 


Tidiness and the Better Management of Rcsources = 

Tidiness {reduction of pollution nnci Uttering in nature and landscape) and Reduction of the 
r.nviromncntal Stress 

this should, in my opinion, be the proper title for Discussion IK. 



CE QUE NOUS CONTENT LES DOCKETS EN FRAIS 


259 


If we want to reduce or partly prevent the environmental stress in general and landscape 
degradation in particular, there is only one solution, namely to try to remove the causes 
instead of applying symptomatic therapy. 

The cleverest methods of information and education, the best organized campaigns and 
the most sensational techniques are of no use whatever if no attempt is made at the same 
time to pull out the roots of the malady that is slowly but surely destroying the environment. 

What does this specifically imply — for instance, in the case of landscape degradation! 
The present “throw away” and “use wastefuUy” trend must be slowed down and finally 
brought to a stop. 

Results: 

Reduction of the amounts of waste and, consequently, of the environmental stress at 
each of the stages of the flow of materials (or of the vicious circle). 

General reduction of the consumption of goods. 

Intensified production of more durable and stable goods. 

More carefulness in dealing with goods, better utilization, better service (repairing and 
maintenance). 

Less expenditure of raw materials per item produced, 
and, for instance, as regards future measures! 

Truly efiective measures of environmental protection and conservation should be en- 
couraged and put in practice, either on the initiative of people or organizations, or by 
virtue of laws and regulations. 

This means that: 

The interests of the environment should be put on a par with economical interests (and 
not on an inferior priority level as has generally been done until today). 

Each individual should show more concern for the environment by his attitude and behaviour, 
and should even put the interests of the environment before his own selfish and material 
interests. 




THE ENVIRONMENTAL EFFECTS OF RECENT 
DEVELOPMENTS IN THE TREATMENT OF 
URBAN REFUSE 


Ian Cooper 

Managing Editor^ Materials Reclamation, P.O. Box 109, Davis House, 
High Street, Croydon, U.K. 


In this necessarily brief review of the environmental considerations of urban refuse treat- 
ment, I will look at each type of method separately — traditional means, incineration and 
pyrolysis, composting, reclamation. 


TRADITIONAL METHODS 

Man has dumped refuse since the day he started to produce it and tipping is still the 
primar}' method of waste disposal throughout the world. Crude tipping — ^the haphazard 
dumping of waste in a convenient hole in the ground or unwanted space — gives rise to 
odours, windblown debris, vermin, flies and other insects, pollution of ground and surface 
water as well as the continual threat of fire within the tip. 

Many of these evils are minimized to a variable extent in controlled tipping where refuse 
is deposited in layers and compacted, a top covering of soil or rubble sealing the 
surface. Controlled tipping can and does assist significantly in the reclamation of land, but 
it does give rise to environmental problems. As refuse is a heterogeneous collection of 
material, harmful substances may well be present and these can leach out as rain percolates 
through the tip. In Britain, where one-third of the nation’s water supphes is drawn from 
ground water resources, the Department of the Environment Working Party on Refuse 
Disposal established to its satisfaction that pollution of ground water by tip percolate can 
occur. This has to be considered seriously because in Britain and elsewhere ground water 
is used for human consumption after preparation amounting usually to no more than 
sterilization. 

Surface drainage from tips gives rise to pollution of rivers and streams, sometimes 
causing de-oxygenation and the growth of sewage fungus downstream from the tip. Prob- 
lems of water pollution can be avoided, at least in part, by careful selection of the tipping 
site or if the base of the tip is lined with puddled clay. 

Tipping into wet pits presents greater risks to ground water pollution because the quantity 
of polluting material is greater and is more easily extracted; it is also often brought into 
direct contact with the water table. 
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Among the problems associated with landfill disposal is the creation of voids in tips and 
resistance to compaction. Large plastics containers, for example, which are not degradable, 
can cause voids which later give rise to subsidence in the tip. Old tyres can cause difficulty 
owing to their elasticity. Use of old tipping or sewage-disposal sites for housing and other 
development has revealed topsoil and subsoil contamination from heavy metals and other 
potentially harniful substances. 

Problems of methane gas generation within a tip can arise and as the organic matter in 
a dump will attract birds— particularly seagulls— tips sited close to airports have presented 
a very real danger to aircraft. 

To methods of crude and controlled tipping must be added the modern techniques of 
pulverization. Reducing the size of refuse by shredding or other pulverization processes 
can make compaction easier and obviate the problems of voids. Pulverized refuse can be 
more easily controlled in landfill, is less attractive to insects and rodents and can be de- 
posited on sites where tipping of crude refuse would be quite unacceptable. Biological 
breakdown tends to be accelerated. 

Pollution of surface or groundwater can nevertheless occur, presence of heavy metals in 
the sometimes widely spread deposit casts doubt on the future suitability of such ground 
for any form of agricultural use, and unless pulverized refuse is covered, nuisance is likely 
to be caused by windblown fragments. Odour can also be a problem and there is evidence 
that an inert sealing medium is really needed to cover deposits of pulverized refuse. 

None of these tipping procedures seems to me to be acceptable to any society that 
regards itself as civilized. 


INCINERATION 

Destruction of refuse in large incinerators has developed steadily over the last decade, 
although the efficiency of these plants is often questionable. Certainly the older installations 
are frequently extremely inefficient, causing atmospheric pollution, through ineffective 
combustion. 

Solids or particulate emissions are the most visible pollutants. According to American 
measurements 1 ton of refuse burned in a conventional incinerator produces an average 
of 24 lb of particulate. Newer plants reduce that figure considerably but additional en- 
vironmental safeguards tend to increase the cost of an already relatively high-cost form of 
refuse treatment. 

Generation of toxic gases in combustion of plastics has received a good deal of attention. 
Burning at fairly low and variable temperatures can be potentially hazardous, but the 
evidence of modern incineration practice at higher temperatures points to minor problems 
in this respect. Fears of generation of phosgene gas seem to be groundless. Tests in the 
United Kingdom showed that with 0.9% plastics by weight in mixed refuse, hydrochloric 
acid concentration in incinerator exhaust was only 3 ppm. Of the plastics incinerated, one- 
third were chlorine containing; the rest were carbon-hydrogen-oxygen plastics. 

Of course, incineration leaves a residue — I ton of refuse produces up to 500 lb of residual 
material. This contains various metallic elements and any ferrous metal in it will be con- 
taminated by phosphorus that was not present before the incineration took place. Phos- 
phorus is not a desirable clement in steelmaking and thus ferrous incinerator residue has 
to be avoided for general steclmaking and ironmaking purposes. 
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PYROLYSIS 

Pyrolysis offers many attractions, not the least of which is that it produces no air pollu- 
tion. The process yields solids, liquids, and gases. According to the United States Bureau 
of Mines, 1 ton of refuse pyrolysed at 1600°F yields some 18,000 ft® of gas, 114 gal of 
liquid, 25 lb of ammonium sulphate, 0.5 gal of tar and 154 lb of solid residue. The only 
pollution problem would appear to be presented by the liquid which is around 90 % water 
plus a mixture of numerous organic compounds. The mixture is complex and to some 
extent unpredictable in nature. It has been suggested that this hquid could be utilized as a 
wood preservative or insecticide and this seems essential unless either further processing 
to render it safe or absolutely reliable disposal can be arranged. 


COMPOSTING 

Although composting has aroused enthusiasm from time to time it has, with isolated 
exceptions, failed to make any real impact on the picture of waste disposal throughout the 
world. Demand for the product of municipal composting plants has tended to be slim 
which, in the light of research carried out by Edinburgh University at the School of Agricul- 
ture there, is probably a very good thing. This research has established that the organic 
matter in municipal compost is not humus but blackened paper. When added to soil it 
may produce an effect opposite to that of fertihzer — a demand for nitrogen is generated 
by micro-organisms which proceed to degrade the cellulose in the compost. The presence 
of small particles of glass is another drawback, but is in my view of minor significance 
when compared with the existence of relatively high and variable trace elements of boron, 
copper, lead, nickel, and zinc. 

The work at Edinburgh has shown that this material can contain up to 300 times as 
much available zinc and lead and 100 times as much available boron and copper as un- 
contaminated rural soils. Even a moderate dressing of 10 tons an acre has been shown to 
have a pronounced effect on trace elements in the soil. Evidence suggests that once these 
elements are introduced, with the exception of boron, they are not readily leached out. 
In essence, the research suggests that repeated applications of municipal compost to agri- 
cultural land are undesirable because of the presence of metals which will build up in the 
soil and could be hazardous. 

Several methods of composting on a municipal scale are employed or have been pro- 
pounded. The product of one pilot-scale plant built in the United Kingdom was analysed 
by an independent laboratory which found it so heavily contaminated by copper that any 
land treated with it would be rendered infertile. 

The totally unpredictable nature of refuse content and the known existence of injurious 
metallics in garbage in my view makes composting an environmentally hazardous technique. 


RECLAMATION 

Refuse reclamation systems represent an area of development that in world terms is just 
in its infancy. In general, where recovery is practised it is limited to reclaiming a few con- 
stituents of the refuse, such as paper and board and ferrous metals. In the United States, 
however, a number of very much more comprehensive systems have been introduced, 
mechanized in nature and based on either the wet or dry separation of garbage. 
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From what limited information is available, it seems that these processes will fulfil their 
promise in reducing the environmental impact of refuse treatment to a very low level 
indeed. This is provided, of course, that design criteria employed provide for closed separ- 
ation systems. 

In my view the logic of recycling needs no emphasis. The problem is to make it work in 
practical terms. A plant for recovering a maximum of useful materials contained in refuse 
can be as environmentally acceptable as any modem industrial installation. In certain cases 
odour might be a difficulty and if material is shredded at any stage in the process, there are 
likely to be problems of noise and vibration. But with proper attention to choice of site 
and adequate landscaping these could be overcome. 

At the present stage of technological development, however, one fact has to be faced. 
Almost all recychng or recovery processes generate their own waste. In some cases these 
may be toxic or otherwise hazardous, and they are in any case likely to be quite highly 
concentrated. Incineration or pyrolysis could no doubt be employed to process many such 
wastes beyond any state of potential danger. 

So far solutions to the problems of waste treatment have tended to be less than com- 
prehensive. I suggest that if they are to work in practical, economic, and environmentally 
advantageous terms they must be fully comprehensive. There must be no gaps left in the 
processing sequence. 

It seems to me that refuse reclamation must be developed in the light of knowledge far 
beyond that of the engineer. At the moment techniques of separation and preparation are 
regarded almost totally as his province. The biologist has an enormous contribution to 
make in structuring a scheme of refuse reclamation and utilization that is total rather than 
partial and which fits naturally into the environment. I believe this to be an area of in- 
vestigation of primary importance. 


APPENDIX 


Data from Edinburgh University on 
Metallic Contamination of Soil Treated with Municipal Compost 


Table 1. Trace-element levels (ppm) in municipal composts and rural 

arable soil 


Reference 


Water EDTA 

extractable extractable 


Acetic acid 
extractable 


Boron 

Copper 

Lead 

Nickel 

Zinc 

Edinburgh 

(1) 

3.8 

83 

31.5 

8.2 

400 


(2) 

5.0 

81 

51.6 

9.1 

463 


(3) 

34.2 

332 

88.7 

13.0 

475 


(4) 

100 

74 

27.4 

12.9 

515 


(5) 

66 

105 

37.5 

20.1 

655 


(6) 

94 

44 

67.3 

7.1 

425 

Midlothian 

(1) 

5.6 

162 

24.8 

20.6 

513 


(2) 

7.2 

84 

27.1 

17.4 

535 


(3) 

9.4 

76 

39.9 

18.7 

420 

Milan 


— 

229 

215 

— 

798 

Rural arable soil 


1 

3 

0.5 

1 

3 
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Table 2. Mean concentrations in air-dry soil sampled at harvest 



Treatment, 


Zinc, 



tons/ha 

Copper, 

ppm acetic 

Boron, 


municipal 

ppm EDTA 

acid 

ppm water 

Experiment 

compost 

extractable 

extractable 

extractable 

1 

r 0 

2.6 

2.5 

0.5 

Cabbages 1968 

25 

3.0** 

2.8 NS 

0.7** 

1 

. 50 

3.2*** 

3.9** 

0.7*** 

Cabbages and J 

lettuces 1969 1 

o 

o o o 

6.7 

5.6 NS 

6.9 NS 

7.6 

9.2* 

11.6*** 

0.8 

2.6* 

Dwarf kidney J 

beans 1969 1 

r 0 

50 

[ 100 

3.9 

4.5 NS 
5.2** 

5.5 

8.0** 

11.1*** 

0.7 

1.8** 

3.9*** 

1 

r 0 

3.3 

4.2 

0.7 

Potatoes 1970 

50 

10.7*** 

16.2** 

3.0*** 

1 

100 

13.9*** 

27.4*** 

5.4*** 

1 

r 0 

4.7 

5.0 

0.7 

Peas 1970 ^ 

50 

20.5*** 

49.3** 

5.8*** 

1 

100 

39.2*** 

124.0*** 

10.8*** 


Table 3. Mean concentrations in oven-dry lettuces 

Treatment, 

tons/ha Copper, 

municipal compost ppm 

Zinc, 

ppm 

Boron, 

ppm 

0 8.7 

50 11.5* 

100 11.6* 

64.0 

66.8 NS 

70.8** 

24.7 

29.7** 

33.0*** 

Table 4. Mean fresh weight yield of beans (g) plot 

Treatment, 

tons/ha 

munieipal compost 

Total aerial 
bean plants 

Bean pods 

0 

50 

100 

4065 

2906* 

1155*** 

1720 

1108** 

368*** 

Table 5. Mean concentrations in oven-dry beans 


Treatment, Pods Leaves and stems 

tons/ha 


municipal 

compost 

Copper, 

ppm 

Zinc, 

ppm 

Boron, 

ppm 

Copper, 

ppm 

Zinc, 

ppm 

Boron, 

ppm 

0 

6.90 

38.5 

28.0 

10.2 

54.8 

43.7 

50 

6.95 NS 

39.7 NS 

43.0*** 

11.2 NS 

60.9* 

131.5** 

100 

7.75 NS 

43.0*** 

55.7*** 

12.8** 

64.5** 

205.4** 


Levels of significanee are based on comparisons with control levels: 
*=P<0.05, **=P<0.01, *»*=P < 0.001, NS=Non-significant. 
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Table 6. Fresh weight yields of potato tubers 


Treatment, 


tons/ha 

Mean yields/plot. 

municipal compost 

kg 

0 

8.39 

50 

9.48** 

100 

9.43** 


Table 7. Oven-diy yields of peas 


Treatment, Mean yields/plots (g) 

tons/ha 

municipal compost Peas and pods Leaves and stems 


0 200 548 

50 296* 560 NS 

100 296* 584 NS 


Table 8. Mean concentrations in oven-dry potatoes 


Treatment, 


tons/ha 

municipal 

compost 


Haulms 


Tubers 

Copper 

Zinc 

Boron 

Copper 

Zinc 

0 

6.6 

34.5 

29.3 

2.9 

9.5 

50 

7.2 NS 

42.6** 

36.1*** 

3.3* 

11.3* 

100 

7.4* 

45.8*** 

42.6*** 

3.6** 

12.3** 


These results indicate significant enhancement of copper, zinc, and boron in 
potato haulms and copper and zinc in the tubers. The levels of boron in the tubers 
were too low for accurate determination. 

Levels of significance are based on comparisons with control levels: 
»=p<0.05, **=P<0.01, ***=P<0.001, NS=Non-significant. 
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INTRODUCTION 

In order to arrive at a desirable set of policies and procedures for solving “growth”-gener- 
ated environmental problems (that is, problems due to population growth, higher per capita 
consumption and the changing technology), all the available techniques and options should 
be explored. In particular, in connection with problems of mineral-resources utilization and 
waste-product disposal, considerations of measures like conservation, reuse and recycling 
will have to include, for technical reasons and in response to economic pressures, analyses 
of various supporting and alternative operations. One such analysis certainly will call for 
assessing the environmental impact of accidental or controlled waste-product incorporation 
into the subsurface layers of the earth. Assessment of this kind concerns itself largely with 
the dangers of polluting useable groundwater resources. Among other things, it takes into 
consideration the possibility of moderating or eliminating such dangers by utilizing the 
dispersive, pollutant-fixing and pollutant-degrading capabihties of the subsurface zones. 
The analysis in question requires the capability to predict, as quantitatively as possible, the 
course of solute transport and the resulting pollutant concentrations in any given subsurface 
environment. It is the purpose of this paper to discuss briefly the present status of the 
techniques for making such predictions. 


GENERAL APPROACH: THE BASIC EQUATIONS 

The most often used and probably the most prorm’sing of the currently available tools 
for predicting solute transport in subsurface environments are mathematical models which 
utilize digital computers. Of these, the ones which now are being very extensively developed 
are based on adaptations, generalizations, and extensions of an approach which has been 
used for some time in connection with certain chemical applications, e.g. in chemical 
engineering and in chromatography (Bird et al., 1960; Helfierich, 1962). The generah'zations, 
extensions and other modifications of the original approach are needed because the systems 
dealt with in connection with environmental problems are often so much more complex 
than those met in the chemical applications. For instance, environmental models which 
cannot handle layered or otherwise nonuniform systems would have little general utility. 
On the other hand, most of the operational, chemical engineering models assume uniformity 
of the porous media analyzed. 
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The especially designed models of solute transport in subsurface layers ordinarily consist 
of two parts. One part, the waterflow submodel, uses known data in order to compute the 
water velocities in the subsurface region investigated. The second part, the concentration 
computing submodel, utilizes these velocities (as well as other known data) to compute 
the changing concentrations and transfer rates of the solutes of interest. Each one of these 
submodels is based on a single pair or several pairs of laws, one member of each pair 
being a mass-conservation law and the other mass-transfer law. One such pair must be 
written for every transferred* substance of interest. Ordinarily the two members of a pair 
are combined into a single, basic transfer-equation of the substance in question. 

The waterflow submodel referred to above often resembles the groundwater flow models, 
the use of which is well established in various countries. Such a submodel usually is based 
on a single basic-transfer equation, the waterflow equation, which shows, for any given 
small volume of the subsurface (called elementary volume), how the changes in water 
storage depend upon quantities of water that move in the subsurface and also upon those 
pumped into or out of the volume in question, f This transfer equation can describe most 
cases of waterflow in saturated and unsaturated zones. However, in certain cases of flow 
in the unsaturated zone, the above waterflow equation must be supplemented by an analo- 
gous equation for airflow. 

The concentration-computing part of the transport model is usually considerably more 
complex than the waterflow-computing part. The waterflow submodel describes a single, 
purely physical process involving either a single, mobile system-component (water) or, at 
most, two mobile, immiscible components (water and air). On the other hand, the con- 
centration-computing submodel may be concerned with many processes, each one of which 
may involve many, usually miscible, system-components. The processes in question include 
at least two which are physical in nature: convection, i.e. solute transfer by and with 
flowing water; and hydrodynamic dispersion, i.e. the mixing between the incoming solutes 
and those originally present in the pore water. In addition, the submodel under considera- 
tion very often must take into account chemical and biological processes. Because of its 
multiprocess, multicomponent character, a concentration-computing submodel typically 
contains two or more basic transfer equations. Furthermore, these equations often must 
be supplemented by additional mathematical relations, which characterize the chemical 
and biological processes involved. 

The basic-transfer equations of the concentration-computing submodel are called trans- 
port equations. Two distinct types of such equations are in use. 

Subsurface systems affected by relatively slow chemical or biological processes (i.e. 
processes with rates which are not much larger than those due to convection and dispersion) 
give rise to transport equations with rate-controlled source of sink expressions.! An 
equation of this type is usually written for the pore space of a given elementary volume of 


* In this paper, transfer is defined as any directed motion of molecules. In particular, transfer may be 
due to flow or due to transport. Transport is defined as motion of unimolecular or multimolecular particles 
which is brought about, at least in part, by flow of the surrounding fluid. Transport may be affected by 
various processes (physical, chemical, or biological) some of which may transform mobile particles into 
immobile ones or vice versa. 

t For those familiar with solute transport modeling the equation in question is stated in the Appendix 
(equation (1)). 

j For those familiar with solute transport modeling, the equation in question is stated in the Appendix 
(equation (2)). 
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the subsurface. It shows how the mass of a system-component of a given kind (normally a 
given kind of solute), stored in the pores in question, depends upon three processes: (1) 
convection; (2) hydrodynamic dispersion; and (3) internal generation (i.e, the chemically 
or biologically induced transfers of the substance in question from the solid phase of the 
system into the solution within its pores, or vice versa). As already pointed out, one such 
equation must be written for each relevant component (solute). A component is relevant 
either because of direct interest in it or because its concentration influences a solute of 
interest. The needed transport equations must be supplemented by additional equations 
describing the so-called rate laws. These laws indicate how the changes in concentration of 
a given solute, due to a given chemical or biological process, depend upon concentrations 
of all the relevant solutes and upon other conditions. 

Another kind of transport equation is employed in connection with certain subsurface 
systems with very fast, reversible chemical reactions.* In these systems, the concentration 
changes due to these reactions take place much faster than those due to convection, dis- 
persion, or molecular diffusion. In such cases, it is convenient to assume for any point 
within the system that chemical equilibrium is attained there instantaneously, and that this 
equilibrium may shift continuously as the incoming water flows through the locality in 
question. Hence, in essence, the reactions of such a system are regarded as equilibrium- 
controlled. Transport equations with equilibrium-controlled reactions are usually written 
in such a way that they express the changes taking place in the sohds as well as the pore 
solution of the elementary volume. This has two consequences: (1) such equations do not 
contain source and sink terms expressing the transfer of molecules from solution to the 
solid phase or vice versa; (2) in such equations, expressions written for a given system- 
component and describing a certain change (e.g. change in storage) or a certain effect (e.g. 
convection effect) may consist of several terms, so that account is taken of all the relevant 
chemical forms (dissolved or solid) in which this component appears. Transport equations 
must be supplemented by additional equations. These additional equations describe the 
chemical equilibria affecting the system component considered. Because of certain features 
of the equilibrium equations, the equihbrium-controUed reactions give rise to two kinds of 
concentration-computing submodels, which differ from each other in their mathematical 
characteristics and hence in their computational procedures. Surface reactions (ion exchange, 
adsorption) give rise to one of these, while the other arises from “proper” chemical reactions 
(precipitation-dissolution, oxidation-reduction, complex formation). 


NUMERICAL TECHNIQUES 

The equations discussed in the preceding section describe how changes in concentration, 
resulting from various processes, are related to each other. They do not state what actually 
are the concentrations of interest. The latter information may be derived from such equa- 
tions, provided that: (1) certain, necessary data about the system in question are available 
(information about the system parameters, i.e. about the relevant, relatively unchanging 
system properties; data on the external sources and sinks; and information about initial 
and boundary conditions of the system); (2) it is known how to utilize the equations in 
question in order to extract the concentration information needed from the data on hand. 

* For those familiar with solute transport modeling, an example of the equation in question is given in 
the Appendix (equation (3)). 
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Several ways of accomplishing the latter operation are available— analytical techniques, 
analog computers, numerical techniques. Under conditions usually met in environmental 
problems, it seems that only the combined use of numerical techm'ques and digital com- 
puters can provide sufficient generahty for routine performance of the task under con- 
sideration. 

Many numerical methods are known (Berezin and Zhidkov, 1965; Remson ei ah, 1971; 
von Rosenberg, 1969). In all of these, the basic transport equations must be approximated 
by other equations which subsequently are used to write the computer program. Also, note 
that all numerical methods compute concentrations only for certain discrete points in 
space. They do this for successive time values, the intervals between these values usually 
being relatively small. The points in space and time for which computations are made are 
called grid points, and the intervals between them are called grid intervals. Numerical 
methods yield concentration values which are approximate. However, by decreasing the 
size of the grid intervals it is possible, at least theoretically, to increase the accuracy of 
numerical results as much as one wishes (within the hmitations of the conceptual model 
used and the data available). Use of smaller grid intervals calls for more time-consuming 
(and hence more expensive) computer calculations. Therefore, the grid intervals required 
by a given method for attaining a given degree of accuracy may be too small to be practical. 
Various numerical methods differ in the degree of accuracy they may yield for any particular 
problem with a given set of grid intervals. They also may differ in computer size and speed- 
requirements, in the degree of mathematical sophistication needed to use them and in other 
features. Because of such differences and because of the variety of needs the models must 
satisfy, usually, it is best to select a numerical method for a given type of a problem rather 
than to try evolving a method applicable to all the expected problems. 

The numerical methods used at first in solute transport models have been the so-called 
finite difference methods. In particular, several types of implicit finite difference methods 
were employed. For problems in more than one dimension, these involved either the 
alternating direct implicit (ADI) method (e.g. Bittenger, 1967 ; Bredehoeft and Finder, 1972; 
Rubin, 1968) or the line-successive-over-relaxation method (e.g. Freeze, 1971). 

While the finite difference methods performed very satisfactorily in connection with the 
waterflow submodel, their use in the concentration-computing submodel lead to consider- 
able difficulties, whenever the effects of convection are large in comparison with those of 
dispersion. These difficulties are caused by the so-called numerical dispersion phenomenon, 
an artifact which significantly distorts the model’s predictions and which results from the 
nature of approximations made by the difference methods. In an effort to avoid these 
difficulties, a new numerical technique was developed by modifying appropriately the well- 
known method of characteristics (Bredehoeft and Finder, 1972; Reddell and Sunada, 1970). 
While satisfactory in some cases, this new technique is rather difficult to use on a digital 
computer, especially for more complex problems. More recently, a highly accurate and 
efficient (but more difficult to program) method, the so-called Galerkin-finite-element 
method, has been utilized in connection with transport equations of all types (e.g. Finder, 
1973; Rubin and James, 1973; 1974). It seems that in the foreseeable future this method 
will be used with increasing frequency whenever the hydrodynamic dispersion effects are 
small in comparison with the convection effects. 

One more numerical method should be mentioned, the so-called method of lines (Berezin 
and Zhidkov, 1965, pp. 580-607). This method has been employed occasionally for solving 
solute transport problems primarily because it is part of certain commercially available. 
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general-purpose, computer programs (e.g. cf. Beek and Frissel, 1973). Utilization of such 
program makes it easier to tackle problems in question for those who do not wish to 
prepare a special-purpose computer program. However, it should be pointed out that the 
efficiency of the method in question often is considerably less even than that of the finite 
difference methods. Furthermore, it seems that the existing general-purpose programs using 
the method of lines cannot be used in connection with multidimensional problems without 
extensive modification. 

CURRENT STATE OF SOLUTE TRANSPORT MODELING 

The various kinds of solute transport models available will be considered now in the 
light of the tasks that they are to perform. In order to keep these considerations within 
reasonable space limits, only what seem to be the more generally needed models will be 
discussed below. 

Thus, it will be taken that the models considered must be able to handle heterogeneous 
and transient transport systems, i.e. systems with parameters which may vary from place 
to place and concentrations wliich may change with time. In addition, such models must 
be able to take into account hydrodynamic dispersion as well as convective transfer. Lastly, 
the models in question must involve rather generally applicable expressions for the kind 
of chemical or biological effects they attempt to reproduce. 

On tlie other hand, treatment of certain relevant, but not generally met circumstances 
will not be required. For instance, no consideration will be given here to the occasional 
need for taking into account water density (and hence concentration) induced flows. In 
other words, it is assumed that the problems to be considered involve relatively small 
changes in concentration. This is true in most, but by no means all, pollution problems. 
Another occasionally occurring process to be disregarded here is transport of substances 
due to mobility of certain solids (e.g. mobile precipitates or colloidally dispersed minerals). 
Finally, no consideration will be given to the so-called ion-exclusion effects, that is, effects 
due to repulsion between certain solutes and system particles with the same electric charge 
(e.g. anions and clay particles). Treatment of some of these cases, neglected here, may be 
found in the literature (e.g. Bresler, 1973 ; Reddell and Sunada, 1970). Even after eliminating 
the above indicated, either especially simple or especially complex conditions, there remains 
a wide spectrum of circumstances which the transport models under consideration must 
be capable of handling. Various combinations of such circumstances require either special 
models or at least special model features. 

The more important of such model-determining circumstances, relevant to the waterflow 
submodel, include various options of the following three factors : 

1. The degree of water saturation, the options being full saturation (as met in confined 
aquifers or water table aquifers), unsaturated state (without or with possibility of 
significant air trapping) as well as the simultaneous presence of saturated and un- 
saturated zones. 

2. Dimensionality (one-, two-, or three-dimensional transfers). 

3. Time dependence (steady or transient, i.e. time-dependent transfer). 

The less complicated parts of the existing, digital-computer transport models, the water- 
flow submodels, can handle any combinations of the above circumstances. Some of these 
combinations may be treated also by means of existing analog-computer models. However, 
the digital computer treatment is more versatile. For instance, it can provide more accurate 
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predictions for water-table aquifers, usually the prime recipients of groundwater pollutants. 
Furthermore, digital computer techniques arc the only ones which can handle adequately 
watcrflow in the unsaturated zone (Rubin, 1966; 1967; Nimah and Hanks, 1974). Such 
waterflow may have decisive influence upon some of the problems considered. Finally, the 
most desirable analysis of the environmental problems in question may involve integrated 
treatment of several terrestrial links of the hydrologic cycle. Recently it has been demon- 
strated that integrated unsaturated zone-saturated zone, watcrflow, digital-computer models 
(Freeze, 1971; Rubin, 1968) as well as the corresponding surface water-subsurface water 
models (Freeze, 1972a, b; Finder and Sauer, 1971) arc feasible. 

The concentration-computing submodels must be able to handle the circumstances 
listed above in connection with watcrflow modeling. In addition they must consider a 
large variety of conditions affecting chemical and biological processes, the more important 
of which involve the following model-determining factors and options: 

1. Presence or absence of chemical or biological processes. 

2. For chemical reactions: nature of control (rate or equilibrium control), nature of 
reaction (surface reaction or “proper” chemical reaction), number of reactions in- 
volved. 

3. For biological processes: number of species or trophic (i.e. food-chain, level) involved. 

Concentration-computing submodels arc not as yet available for all or even most of the 

possible combinations of the above circumstances. Tliis fact seriously limits our current 
solute transport modeling capabilities. The extent of these capabilities is summarized by 
Table 1. The numbers in this table indicate selected, illustrative references. The letters next 
to these numbers refer to the numerical technique used. A minus sign within a given sub- 
division of Table 1 indicates that for the circumstances specified by this subdivision no 
published model seems to exist. To simplify matters, in preparing Table 1 it was assumed 
that the dimensionalities of the waterflow and concentration-computing submodels are 
the same. 

Table 1 indicates that there exist, currently, solute transport models for a variety of 
waterflow conditions. Thus, cases involving saturated as well as unsaturated zones, and 
steady as well as transient flows can be handled. For the saturated zone, one-dimensional 
and two-dimensional cases already were treated. Until now, only the former were analyzed 
for the unsaturated zone. No three-dimensional or saturated-unsaturated transport models 
are available. Hence these classifications were omitted from the table. 

All of the above tractable waterflow conditions can be handled only if the system is not 
affected by chemical or biological processes. On the other hand, if such effects exist, only 
more limited waterflow conditions can be accommodated. In fact, only the saturated, one- 
dimensional, steady-flow cases can be treated for all the chemical and biological circum- 
stances listed in Table 1. In addition, there exist somewhat simplified, saturated-condition 
models (either neglecting hydrodynamic dispersion or not quite general enough in treating 
the chemical component) for one- or two-dimensional systems with rate-controlled re- 
actions and: (1) with steady or transient flow but only a single reaction; or (2) with many 
reactions but only steady flow. Construction of models with mixed reaction systems (e.g. 
those with some reactions which are rate-controlled and some which are equilibrium- 
controlled) was not attempted as yet. Hence this classification was omitted from Table 1. 

It follows from the above that at present most of the solute-transport systems which can 
be modeled belong to one of two classes: (1) systems which may have complex waterflow 
but which are not subject to chemical or biological influences (or at most only one rate- 
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Table 1. The availability of subsurface solute transport models for various sets of subsurface 

conditions 


Waterflow 


Saturated Unsaturated 

ID 2D ID 2D 


Chemical and biological effects ST TR ST TR ST TR ST TR 


Absent (i.e. solutes are conservative) 

Present Chemical rate- single 

effects controlled reaction > 

alone reactions 

two or more 
reactions 

7c 8d — — 

30e ^ 

k ^ 33c* 

— 41dt — — — — — 

equilibrium- single 
controlled reaction 
surface 

reactions two or more 

reactions 3! 

— — — — — — — 

equilibrium- single 
controlled reaction 
“proper” 
reactions two or 
more 

reactions 4( 

s 

1 

Biological rate control, single species . 
effects or single trophic level 


alone 

rate control, more than 
one species or trophic 
levels 



Chemical and biological effects 21 — — — — — — — 


c=method of characteristics. D=dimension(s). 

d=finite difference method. ST= steady-state conditions. 

e=Galerkin-finite element method. TR= transient-state conditions. 

/=the method of lines. 

*=in the reference, only linear source-sink term was taken into account. 
t=in the reference, hydrodynamic dispersion was not taken into account. 

controlled chemical reaction); (2) systems with chemical and biological influences but with 
very simple waterflow. 


THE DATA PROBLEM 

Availability of a model is a necessary, but not a sufficient condition of predictive capa- 
bility. The latter condition requires, in addition to an appropriate model, sufficient data 
about the subsurface system of interest. The data needed for operating a model for any 
purpose whatsoever were listed above in the section on numerical methods. They, pertain 
to system parameters, external sinks and sources, boundary conditions and initial conditions. 
Note that all of these, except the last item, may be time dependent. 
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A solute transport model may be operated for one of two purposes: (I) model verification; 
(2) transport prediction. A verification procedure tests the reliability of the model by 
comparing selected indices of system behaviour computed by the model with those observed 
in the real system. Hence, the model verifying procedure requires historical information 
which includes appropriate model-operating data (cf. above) as well as data about the past 
behaviour of the system (e.g. observed changes in pollutant concentration due to placement 
of known amounts of this pollutant at a known location within the system). 

When a model is used for predictive purposes, only appropriate model-operating data 
are needed. Some of these involve the previously determined, unchangeable system charac- 
teristics. The remaining ones arc the expected system conditions, e.g. the expected, new 
sources or sinks; or the expected, new boundary conditions. These new, expected conditions 
are often the ones which are creating the need for the predictive study in question. 

One of the factors which seriously limits the use of solute transport models is the difficulty 
of obtaining the needed parameter data. These data may be obtained in one of two ways. 
They may be obtained by means of especially designed experiments, conducted either in 
the field or in the laboratory. An aquifer field-test is an example of such an experiment. 
It yields the relevant data on waterflow parameters of the saturated zone. Another example 
of such an experiment is a laboratory test during which an undisturbed soil-core is leached 
with a solution containing the pollutant of interest. In such a test, the changing pollutant 
concentrations in the core’s effluent are monitored. From the information thus obtained 
one may compute some of the necessary chemical parameters. Note that special-experiment 
laboratory methods of parameter determination usually involve more or less disturbed and 
very small parts of the system studied. Portions in the corresponding field methods ordin- 
arily are less disturbed and somewhat larger (though still small in comparison with the size 
of the system). Disturbance of the relevant field conditions and the relatively small sample 
size are responsible for the main limitations of the experiment-based methods. On the 
other hand, note that the mathematical computations required by these methods are 
relatively simple and that the values obtained with their aid reflect rather accurately the 
actual conditions existing in the segment of the system tested. 

The second, more recent and as yet imperfectly developed way of obtaining parametric 
data involves large parts of the system investigated or sometimes even the system as a whole. 
It uses system-behaviour data which are similar to those needed in connection with model 
verification. The method in question employs special procedures which, utilizing the 
system’s model, obtain the “best fit’’ set of parameters (that is, a set which, when it is sub- 
stituted into the model, yields predictions resembling as much as possible the observed 
system behaviour). The oldest of such procedures involves a simple, rather arbitrary and 
subjective trial-and-error search. More recent and more promising procedures employ 
special, objective, mathematical optimization methods, sometimes called inverse-problem 
methods. Some of these employ optimum search methods, others solve the problem directly. 
Note that the system-behaviour methods for parameter determination may require pro- 
longed and sometimes rather sophisticated computations. Note also that inherent in multi- 
parameter inverse problems (especially in those using imperfect system-behaviour data) is 
the possible presence of parameter errors which compensate for each other. Such com- 
pensating errors may result in significant inaccuracies. 

Table 2 summarizes the current status of the various available parameter-determination 
methods. As in Table 1, the numbers appearing in Table 2 represent illustrative references. 

It is clear from this Table that the main deficiencies involve parameter determination for 
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Table 2. Availability of methods for routine determination of transport-model parameters 

Methods 





Special experiment based 

System- 


Parameters for 


laboratory 

tests 

field 

tests 

■“ UCilClVl\JUl 

based 

Waterflow 

submodel 

Saturated zone 


4*6 

-1-6,13 

c;10,ll,18 

Unsaturated zone 

-1-6 

~25, 35 

— 

Concentration- 

computing 

submodel 

Saturated zone 

dispersion 

chemistry 

biology 

-1-17 

-F20,23 

-1-17 

~ 10, 33 
~33 


Unsaturatcd 

zone 

dispersion 

chemistry 

~22 

~24 



_ _ 


biology ~12 — — 

+ Available. ~ Available under limited circumstances. — Unavailable. 

the concentration-computing submodel. In this connection, the lack of routine field methods 
is especially noticeable. Equally serious is the absence of experience with general methods 
for determining the chemical and biological parameters of the unsaturated zone. 

Some of the data needed by certain solute transport models may be difficult or impossible 
to obtain, because their determination requires introduction into the environment of solutes 
which are harmful or dangerous. Thus, field tests (which can yield the best parametric data) 
may be impossible to carry out. It would be even more unrealistic to call for information 
which can be obtained only by polluting a large part of the system studied. Note that 
without such data, model verification and system-analysis-based parameter determination 
are impossible. 

In connection with the chemical reaction data it is worth pointing out that for any given 
mineral assemblage, the chemical parameter data needed in connection with the equilibrium- 
controlled, “proper” reactions may be independent of location. Thus, it may seem possible 
to determine such data accurately, once and for all, in the laboratory. Large part of such 
data have already been collected (e.g. Robie and Waldbaum, 1968). However, the import- 
ance of this fact should not be overemphasized. First, it may not be easy to determine the 
minerals which are to be taken into account. Second, the absence of rate dependence of 
certain reactions (due to certain local conditions) often will have to be experimentally 
determined. Thirdly, many of the relevant reactions involve non-crystalline solids for which 
at present no equilibrium data are available. Because of the above three considerations it 
may be necessary to carry out special, parameter-determining tests, even in connection with 
what might prove to be equilibrium-controlled reactions. 


DISCUSSION 

It has been demonstrated (Tables 1 and 2) that serious deficiencies exist; (1) In the 
capability of the existing solute-transport models to handle various important environ- 
mental conditions; (2) in the capability of the existing parameter-determination methods 



to perform under many of those conditions. Such deficiencies are not surprising if it is 
borne in mind that almost all the efforts to develop quantitative, widely applicable tools 
for predicting solute-transport in subsurface environments are less than a decade old. The 
deficiencies in question clearly point out the future research needs. 

In view of these deficiencies, our capability to model most of the environmental problems 
of interest may be questioned. For instance, it may be argued that some of the most im- 
portant practical problems of interest involve three-dimensional, saturated-unsaturated 
solute transport for which no concentration-computing submodels are available. Equally 
serious criticism may be raised in connection with the lack of models involving more 
complex waterflow conditions coexisting with chemical or biological processes. 

However, the situation, though clearly undesirable, may not be as serious as it appears 
at first sight. The fact is that the currently available models can analyze numerous important 
solute-transport cases. Furthermore, models required by many of the circumstances as yet 
not taken into account may not be very difficult to develop. After all, the capability of 
taking into account, separately, complex waterflow conditions and complex cherm'cal or 
biological influences has been established. Hence, the task of treating these complexities 
simultaneously requires extensions and modifications of models which already exist. 
Usually, it is easier to achieve such extensions than to design entirely new models. As for 
the lack of three-dimensional treatment, at least for the time being it may be possible to 
substitute for it a model coupling one-dimensional, vertical transport in the unsaturated 
zone with two-dimensional, horizontal, saturated zone transport, in a manner similar to 
that suggested in connection with waterflow (Pikul et ah, 1974; see also Kom'kow and 
Bredehoeft, 1974). 

In fact, it seems that the most serious obstacle to be faced in connection with tackling 
more complex conditions (either by ad hoc, approximate model adaptations or by more 
exact model applicability extensions) probably will be due to the fact that such develop- 
ments create great demands as far as computer size and computation time are concerned. 
Due to this fact, today it is even difficult to tackle on the computer large, complex three- 
dimensional, saturated-unsaturated problems which involve waterflow alone. The corre- 
sponding difficulties of handling comparable solute transport systems could be much greater. 
Hence, many of the more accurate models of really complex transport systems may require 
more efficient computers or more efficient numerical techniques than those available at 
present. 

The problems of parameter determination and model verification seem to be more 
serious than the problems of model-construction, especially due to the already mentioned 
difficulties of getting field data for systems in which the expected pollution has not occurred 
as yet. Parameter determination for such systems will have to depend largely on laboratory 
tests. In addition, it might not be possible to verify these models before reaching practical 
decisions with their aid. Because of uncertainties involved in relying on laboratory tests 
and on unverified models, if such decisions are reached and if they result in introduction of 
pollutants into the environment, special precautions are imperative. They should include 
appropriate monitoring of the system and the utilization of the obtained data for periodic 
model verifications. An attempt should be made to reach satisfactory verification long before 
the solutes in question reach harmful concentrations. 

The solute transport models discussed so far may be quite useful in connection with 
short- and long-range utilization of land-based, waste-disposal systems. Trustworthy models 
of this kind can help in assessing the subsurface effects, in locating the sites and in the 
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design or management planning of such systems. In particular, the models in question can 
help to determine whether the natural, solute-dispersing (i.e. mixing and diluting), and 
pollutant-degrading properties of a given site and of its immediate surroundings can pre- 
vent undesirable contamination of actual or potential water resources, even in the presence, 
at the soil surface, of uninterrupted, unUmited-duration input of a pollutant of a given 
concentration. In such cases, from a long-range point of view, the third factor often utihzed 
to decrease pollution effects, the pollutant-fixing capability, usually cannot be relied upon, 
because ultimately it will become exhausted, either for chemical or for biological reasons. 
Alternatively, the subsurface may clog before such exhaustion occurs and the site will be 
rendered useless. Note that under the circumstances considered, degradation which pro- 
duces immobile products eventually also must result in clogging. 

If, for any given site, it is found that unlimited-duration, uninterrupted input of a pollut- 
ant will result in contamination of a water resource, an appropriate solute-transport model 
may help to discover special management measures which will make it possible to prevent 
such contamination. For instance, the model may show that an intermittent pollutant input 
can achieve the above end though such an input will be of unlimited duration. Note that 
with a pollutant subject to reversible, pollutant-fixing chemical reactions or other reversible 
processes, such a measure can utilize the fbdng properties of the subsurface, which, from a 
long-range point of view, were ineffective when pollutant input was continuous. 

In addition, the model in question can help in testing the effectiveness of decreasing the 
relevant input concentrations. Finally, model-based computations may reveal the effects 
of artificially increasing waterflow rates, of inducing water unsaturation or of otherwise 
modifying the waterflow conditions. 

Occasionally it may be possible to test experimentally the effectiveness of site properties 
or measures discussed above at the intended disposal site itself. The results obtained from 
such tests most probably will be more accurate than those obtained from mathematical 
models. However, the large number of the properties and measures which should be thus 
tested may render experimental procedures uneconomical or even impossible, especially if 
the tests must be of long duration. 

The use of experimental approach in connection with contamination due to nonpoint, 
areal sources is usually outright impossible. However, under such conditions, the practi- 
cability of models may also be questioned, primarily because of the difficulties in obtaining 
the relevant parameter and boundary-condition data. While those difficulties are un- 
doubtedly real, it seems that under such circumstances, judicial application of the “worst- 
case” and stochastic inputs to the models in question will yield significant and helpful 
results. 

The usefulness of the models discussed in this paper for making geographically broad, 
“global” predictions may seem rather limited. Ordinarily, to make such predictions, the 
rates of the numerous, relevant, location-dependent processes are lumped into overall, 
“global” rates without considering the effects of actual parameter distribution in space (as 
it is done in the solute transport models). It seems that in connection with such lumping, it 
is worth discussing at least two considerations which may involve the use of the models 
described in this paper. First, clearly, the locations of waste-disposal sites should, can, and 
increasingly will be optimized. The models presented here may help in assessing the long- 
range “global” effects and the limits of such an optimization. Secondly, a disposal site 
which is ineffective from a long-range point of view may, under certain circumstances, be 
used for a limited period of time without creating a danger of contamination. Sites of this 
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kind would not solve the long-range disposal problems, but could delay the need effacing 
them for a fimte period. During such a period, technological developments of one kind or 
another might solve the disposal problem in an economic manner which does not require 
further waste deposition in the subsurface. Solute transport models could reveal for various 
pollutants the possibilities inherent in such planned delays. Dynamic “global” models 
which take into account technological developments would have to consider the effects of 
the delays in question. 
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APPENDIX 

Commonly Used Basic Transfer Equations 
I. Water transfer {waterflow') equations 

C— = div(X-gradJT)-b5'„ (1) 

ot 

where x and y are horizontal space coordinates and z is the vertical space coordinate; 
I = time; 77= A-fz hydraulic head; /:= pressure head; C=C(j(:,j,z,^)= specific storage or 
differential water capacity; itr=7r(x,T,z)= hydraulic conductivity (scalar or tensor); 
Sy,—S^{x,y,z,t) — souTce/sihk function for water. In the unsaturated zone, K as well as iv 
(= water content) are functions of h. 



280 


J. RUBIN 


ir. Transport equations 

1. Transport affected by rate-controlled processes. 

0 J 

- (\vCi) 4- div iqc^) = div {D • grad + 2 •S'y (2) 

Of ;_1 

where t and w were defined above; concentration of the /th ion; q=—K‘ grad H; 
Z)= dispersion tensor; 5’^^, with y=l, 2, . . . , J, are the rate laws for the / processes affecting 
concentrations c^. 

2. Transport affected only by a single, equilibrium-controlled reaction in which two 
solutes, f = 1 and i=2, combine reversibly to form a single, immobile product. 

0 0 

'dt Tt ‘ f = 1, 2 (3) 

where c^= concentration of ion i within the immobile phase; and all other variables are 
as defined above. 

Note: The variables and parameters of equations (I), (2), and (3) are expressed in any 
consistent system of units. 
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AN 8000-TON-A-DAY RECOVERY SYSTEM 

D. Klumb 

Manager Solid Waste Utilization Project, Union Electric Company, 
P.O. Box 149, Saint Louis, Missouri 63166, U.S.A. 


We have a solid-waste prototype program in St. Louis and if anyone has any questions 
about this prototype program, you can see me before the end of the conference and I can 
answer your questions then. What I would like to describe now, in a briefer period, is a 
system we are now under design with and have already purchased some equipment for. 

On February 28 of this year, Um'on Electric Company announced plans for the develop- 
ment of a sohd-waste utilization system capable of handling essentially all of the solid 
waste generated in the St. Louis, Missouri region. The St. Louis area covers 4500 square 
miles and includes about 2| million people. The system is scheduled for full-scale operation 
by mid-1977. The St. Louis area also includes over 200 governmental units. Union Electric 
is a private electric utility. We will design, we will build and operate the system without 
financial assistance from any governmental um’t. We fully expect the system to provide a 
profit. 

Under the plan. Union Electric will establish and operate five to seven strategically 
located solid-waste collection transfer centres capable of handling 8000 tons per day, 6 
days per week, for a total of 2^ to 3 million tons of waste annually. Refuse will be received 
from private and public trash haulers at these centers and transferred by 100 yd® closed 
containers for rail shipment to processing facilities at Um’on Electric’s Meramec and 
Labadie power plants. Refuse will also be received from the haulers at these two plants. 

Meramec plant includes two 125,000-kW Combustion Engineering pulverized-coal 
boilers, a 270,000-kW Foster Wheeler pulverized-coal boiler and a 300,000-kW Foster 
Wheeler boiler. All four units will be equipped to bum processed waste at a rate equal to 
20% of the boilers’ full load heat input requirement. The Labadie plant includes four 
identical 600,000-kW Combustion Engineering tangentially fired pulverized-coal steam 
electric generating units. All four units will be equipped to bum processed waste. 

The two plants — ^Meramec and Labadie — ^will provide a refuse-burning capacity of 16,000 
tons per day, which is twice that generated in the area. The raw waste, including household 
waste, appUances, commercial waste, demohtion lumber, and selected industrial sohd and 
liquid wastes, will be received by both power plants by rail. Two stages of hammermilling 
will reduce the solid waste to a particle size of 1 inch or smaller. Following air classification, 
the burnable fraction will be pneumatically transported to the waste-firing burners in the 
boiler furnaces. Redundancy is designed into all stages of the process to ensure availability 
of waste-processing facilities at all times at each plant. The heavy fraction from the process 
air classifiers will be separated into organic, glass, magnetic, and non-magnetic metal 
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fractions. The organics will be returned to the hammermills for further size reduction and 
ultimate transfer to the burnable fractions which will preclude the need to dispose of these 
materials in landfill. Magnetic and non-magnctic metals will be recovered and recycled. 
Glass will be recycled if suitable separation techniques and markets can be developed. We 
are prepared to landfill the glass and unfortunately in the St, Louis area we have a very 
good grade of silica and there is just no market for the glass locally. 

Relative to the economics: the capital cost is estimated to be $70 million for an 8000- 
ton-a-day capacity system. The annual operating costs are estimated at $11 million. Now 
those numbers were generated 6 months ago. They include 10% per year escalation and a 
20% contingency allowance. In order to amortize the capital and operating costs, we will 
receive revenue from fees charged to the private and public trash haulers, from revenue 
received from the sale of ferrous and non-ferrous metals, and from savings in coal fuel 
costs. 

Union Electric does not suggest that our solid-waste utilization system is the only practical 
solution to solid-waste problems. There are other systems that may well be technically and 
financially more attractive. However, for St, Louis, the problem of incinerator and land- 
filling of solid-waste disposal and the attendant air and water pollution and land degrada- 
tion, we hope, will be superseded with the opportunity to develop the solid wastes for 
society’s benefit by recycling ferrous materials and conserving limited natural resources, 

I would just like to say a word about the environmental effects. We ran a series of gas 
emission tests with the prototype system late in 1973, There was a slight reduction in the 
performance of the electrostatic precipitators, approximately U percentage point reduction 
in the precipitator etficiency. After we ran our tests, the U,S, Environmental Protection 
Agency was given the boiler for 2 weeks. They ran a series of gas emission tests. They also 
looked for SOx, NOx, CO, COg and HCl and, in their view, there is nothing in the gas 
stream that would be environmentally detrimental. They also looked for mercury vapor 
and could detect none. Because of the inconclusive nature of these tests, Union Electric 
will begin a series of 6 weeks of testing of particulate emissions only. So as to characterize 
those emissions and in particular to characterize the performance of the electro-static 
precipitators when they are firing this new combination of the heterogeneous fuel. 

The bottom ash from the furnaces is pumped with Mississippi River water to a settling 
pond. Of course that water finally finds its way back into the Mississippi River after it has 
carried this combination of coal and solid waste ash. We have a continuous monitoring 
program on the ash pond. We have taken a series of tests, including sixty-four parameters, 
and we have found no detrimental water effects — except for some degradation of the 
oxygen levels. We are fairly certain that except for oxygen level, we will not have any 
detrimental water effects. 

If any of you would like additional information on this process, including all the environ- 
mental data, if you would either give me your card or name and address, I will mail you 
a package of material on the process as soon as I get back to the States. 
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Abstract. Domestic waste contains ±25-30% of waste paper. If separation of this waste were 
possible in a usable quality, it would mean a welcome supply to the material slock of the Dutch 
paper industo'. 

After a literature study, TNO started the development of a process concerning diy separation of 
domestic w.astc in various components. Tlic results show that a usable product at an acceptable 
price can be obtained. 

Experiments with a plant upon a semi-industrial scale, capacity 1 t/h domestic waste, are in an 
advanced phase. The construction of a 10 t/h pilot plant is considered briefly. 


INTRODUCTION 

Cellulose is a most important raw material for the paper industry. It is recovered from 
wood and straw and, increasingly, from waste paper, by collection. It is estimated that 
there is a rapidly increasing shortage of cellulose in the paper industry. However, domestic 
waste still contains ±25 or 30% paper, in spite of waste-paper collection. 

If paper separation from domestic waste could be realized, a considerable quantity of 
raw material for the paper industry would become available. Moreover, a substantial 
reduction of waste processing would result. For these reasons, TNO commenced research 
concerning the possibilities of process recovery of paper from Dutch domestic waste, and 
also concerning the quantity, quality, and price of the recovered raw material. 

This experiment has been in operation since 1971 and consists of: 

1. study of literature, 

2. informative research on a small scale, 

3. design, construction, and testing of a pilot plant with a capacity of 1 t/h, 

4. design of a 10 t/h plant. 

The research is now in phase 4. 

Below appears a report of some results. The experiment is supported by a Dutch con- 
struction company. The Institute for Waste Disposal SVA, because of the interest shown 
by them in this subject, also contribute to the experiment. 

If technically a positive result is reached, the Institute will ^ s’*", economically the 
separation system as part of a complete system for >' • ' wat 
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LITERATURE STUDY 

Literature study and personal inquiry showed that in America numerous experiments 
are being made concerning the development of process-separation of domestic waste paper. 


SEPARATION SYSTEMS 

The separation systems mentioned in the literature are divisible into two groups: separa- 
tion of fibres after mixing up domestic waste with water, separation without water 
addition. 

A wet separation system is at present being developed by the Black Clawson Co. They 
have constructed a semi-industrial plant at Franklin, Ohio, U.S.A., the operation of which 
is based on the paper production process. Instead of cellulose, however, the pulper is fed 
with domestic waste. Of course, the greater part of the waste is unusable and has to be 
drained. A disadvantage, however, is the difficult processing of these wet waste residues. 
Moreover, a large quantity of wastewater has to be disposed of. The dry separation systems 
in development are based on separation by means of air separators, ballistics, screens or a 
combination of some of these. 

Piloting is proceeding, for example, at 
Stanford University, U.S.A. 

Bureau of Mines, Pittsburgh 

Forest Products Laboratory, Madison, U.S.A. 

Franklin Institute, Philadelphia, U.S.A. 

It is concluded from available information that in the Netherlands the “dry-system”, 
both environmentally and economically, has good prospects. American domestic waste 
differs completely from Dutch waste, containing, for instance, almost twice as much paper 
as the Dutch. Ample examination of dry separation methods with normal Dutch domestic 
waste seems to be desirable. 


UTILITY OF SEPARATED PAPER FIBRE PRODUCT 

It is important for the paper manufacturer to be sure when using this paper fibre that 
the cost of the manufacturing process is not increased by technical troubles or slowing of 
the paper machinery. Moreover, he is concerned about a suitable quafity of the final 
product. The product has to be judged on properties such as tearing and tensile strength, 
sizing, filler retention, etc. Until now the only figures published in literature concerm’ng 
recovered waste paper are related to fibre strength. They are mentioned in Fig. 1, showing 
the strength in scale from 10 up to 100. On the left are woodpulps, on the right are recovered 
pulps from waste products. According to Van Staa and McKee, in many aspects use of 
recovered fibres is preferable. They assume an improved quality of the final product to 
that of a “virgin” material qua tearing strength, dimensional stability, curl tendency, 
opacity, shot-out resistance, thickening, sizing, nature of surface and filler retention and 
properties such as crack- and tensile-strength. 

It is clear that only experiments can settle the questions concerning the utility of recovered 
fibres, and on such a scale that a satisfactory quantity of raw material is available in order 
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to manufacture representative paper samples. Meanwhile the Dutch paper industry is 
willing to initiate a test-production with the recovered waste paper raw material. 


Domestic 



Paper 


Fig. 1. Principal scheme of the TNO domestic waste-separation system. Domestic waste — bunker — mag- 
netic conveyor — ferrous metal-hammermill — ungrindables — zigzag air classifier I — screener-zigzag II — 
plastics— heat-y material such as sand, glass, stones, non-ferrous, wood, solid plastic — fine waste, mainly 
organics — paper — baling press. Material to be processed. 


PRINCIPLE OF THE TNO SEPARATION SYSTEM 

Based upon the present know-how of separation techniques, completed with data of the 
literature, TNO tested the possibilities of achieving a dry system for domestic waste. 

During the separation of the mixture containing different materials found in domestic 
waste the differences of physical properties of these materials (magnetism, velocity, inten- 
sity, and particle size) are utilized. This system is shown in Fig. 1. Primary separation of 
paper and residue waste is possible by reducing the waste into pieces of -f 10 cm. Paper 
requires a different velocity for reduction than do the remaining waste components. Separa- 
tion by velocity is carried out in a zigzag classifier (Fig. 2). The mixture to be separated by 
velocity is conducted into a vertical channel, provided with a number of bends. Air is 
blown up at a constant speed. Small particles (F) are taken by the air current, heavy particles 
(G) fall down along the wall. At the bend the heavy waste crosses the air current, causing 
a further separation. The extent of separation can be raised by using further channel units 
(compare the dishes of a fractionate column). 

When supplying ground waste to a suitably sized classifier, paper leaves the top of the 
classifier carried by the air current. This paper component still contains plastic films and fine 
waste. By screening and sifting, a paper product is obtained which offers possibilities for 
raw material for the paper industry. 

Figure 3 shows a provisional plant scheme for the separation of waste and tin cans from 
domestic waste, preconnected to an incinerator. In this scheme the sacks are first tom, 
followed by separation and grinding of waste. The next phase is from the mill and sifting. 


TP AM— VOL. I — L 
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Te verwerken materiaal 



Fig. 2. Principle of zigzag air-classifying (L=air current, F=]ight particles, G=heavy particles). 



Fig. 3. Scheme for separation of paper and tin cans out of domestic waste. 

(1) Bunker, (2) poly-grab, (3) sack-tearing machine, (4) vibratory feeder, (5) magnetic separator, (6) belt 
conveyor for iron and tin cans, (7) feeding conveyor for shredders, (8) shredders, (9) vibrating screen, 
(10) classifier-stage I, (1 1) transport-stage I up to stage 11 if any, (12) classifier-stage II, (13) outlet conveyor — 
(a) siftings vibration screen, (b) residues classifiers I and H, (14) strippers on conveyor (13), (15) hoppers 
incinerator, (16) outlet (I) to bunker, (17) baling press. 
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screening, and second sifting. Then five products are obtained, namely tin cans, paper, 
plastic films, fine organic material, and heavy residue. The unusable products are disposed 
of by controlled tipping, composting, or incinerating. 


GRADE OF DEVELOPMENT OF THE TNO SYSTEM 

In 1972 a pre-examination upon a laboratory scale was undertaken by the Central 
Techm'cal Institute TNO. By means of a plant with a capacity of 100 kg/b domestic waste 
a paper product was separated and the Fibre Institute produced experimental paper sheets. 
The cardboard industry considered the quality of the fibres usable for production. The 
experiment went on by designing and constructing a plant with a waste capacity of 1 t/h. 
The first phase of this plant (Fig. 4) has been tested and is ready for use. In connection 
with cost, grinding was undertaken by the mill of the Municipal Waste Disposal Plant at 
Haarlem. It was estimated in April 1974 that a complete plant at Haarlem produced in a 
long-run test a sufficient quantity of paper raw material to enable the cardboard industry 
to carry out test productions. Then more exact data concerning the calculation of invest- 
ments and operating costs will be collected. When the results of this long run are satisfied, 
the next phase of development will consist of designing and constructing a plant with a 
capacity of 10 t/h domestic waste. Preparations for this are already going on. 




DISCUSSION 


MOSER: Pcrmct(cz-moi, Messieurs, d’attircr votre attention sur un principc i observer dans toutes les 
questions de rec>‘clnge. Lc repnisentant du Japon vient dc citer I’exempic du papier dont, dit-il, le recyclage 
cntrainc und reduction dc la pollution, c'cst-:\-dirc unc rdduction dcs charges imposdes i I’cnvironnement. 
Jc crois qu’il n'cxistc pas dc solution gindralc pour aucun dcs scctcurs du recyclage; il faut, dans chaque 
cas parliculicr, examiner dc trds prds chaque ddtail. 

Pour cc qui cst du papier, lc probldmc cst encore cn discussion ct les opinions divergent. Est-il plus 
avantageux pour renvironnement d’incindrer lc papier ou dc lc rccyclcr? Nous devons penser k I’avcnir. 
II y a aujourd'luii dc grandcs installations d’incindration oil Ton produit dc la chaleur, c’est-ii-dire de 
I'dncrgic. Cette dncrgic cst utilisdc pour chaulTcr dc grands centres d'habitation; ccla permet de rdduire 
Ics dmissions dc SO. produilcs par lc chaufTage ordinaire, cc qui reprdsente unc forte diminution des 
charges imposdes k renvironnement. D'un autre c6td, si nous rccyclons lc papier, nous dconomisons de 
I'dncrgic au niveau dc la fabrication, ainsi qu'it cclui dcs rcssourccs naturcllcs. 

11 cst tres important pour I'avcnir d'arriver a unc quantification dcologiquc dc tous les problemes, pas 
sculemcnt jusqu’au premier stadc, mais plus loin encore. Aujourd’hui nous avons ddji des usincs d’incind- 
rntion qui, cn plus d'unc installation pour la production dc la chaleur, sont dquipdcs d’un systdme de rd- 
cupdration dcs .scorics qu’on peut utiliscr comme matdriau dc construction routidre. On peut alors dire 
qu'il s’agit 1;\ d’un recyclage presque complct. 

HERBERT: I will very briefly summarize a very lengthy paper that I’ve brought with me. I would like 
to discuss briefly a wet .system which accomplishes the same things as the two systems that you just heard. 
The sj'stcm was originally designed to recover everything that is recoverable in mixed municipal refuse 
and to leave ns small a residue as possible— this being the Number One environmental purpose of the plant, 
to essentially reduce the landfill to almost nothing and that what went to the landfill would be an inert 
residue. 1 would like to point out here since this is a multi-national meeting, that you only recover those 
items for which markets exist— and please, we must all remember that, it seems very obvious — so many 
people have gone in and established reclamation centers for things for which no market existed. Hence you 
must have a modular system so that you can pick out those things that you want. In this, I might add that 
this p.articular system has been mentioned several times in the meeting before. It was mentioned as Franklin, 
Ohio, it was mentioned as the hydropulping system, and ns the wet pulping system. In essence, the material 
is pulped in the machine of which you just saw a picture. There are 1-inch openings in the bottom of it 
and a slurry is withdrawn. Tlic slurry contains the plastics, the yard waste, the paper, the food waste — 
most of that material— plus the glass, the aluminum, copper, and all the other goodies such as coins that are 
thrown away. Tlic verj’ first step is to put it through a liquid classifier, a cyclone type which separates heavy 
material from light. 'The hca\y material is drawn off the bottom and it is washed, right in the classifier, 
and then conveyed to a mineral rccovciy system which will be discussed a little later. 

The light material is then pumped to a tank, where it is thoroughly mixed. If a market exists for paper 
fiber, il is pumped over to a paper recovery system, where, through a series of screens and cleaners, about 
50% of the paper that is in the .system is recovered. This is actually done at Franklin, Ohio, and the re- 
covered fiber is pumped over to an adjoining paper mill. If there is no market for it, then you burn all of 
the organics. 

I might digress here for a minute to discuss an environmental aspect. The question was raised this morning, 
when should you bum paper fiber and when should you recover it ? The answer is, you recover it if a viable 
market exists for it. But an important point that no one has made yet in this meeting is: Cellulose, and 
ccllulostic materials such as food, arc the only renewable source of energy we have on this earth. They 
take the COj out of the air and they take the heat from the sun, and they make growing things that we can 
use and we can derive energy from at a later date. So, when you hear a lot of these little old ladies in tennis 
shoes crying because we’re chopping down trees, let’s remember, this is a very, very, valuable energy source 
for this whole world — not just for the United States, and not just for France. 

I have about 3 minutes here. In the particular system we arc working with, we have borrowed extensively 
from the pulp and paper industry, which is the industry in which my company has been involved for a 
little over 100 years. If there is, in the neighborhood of your particular plant, a Union Electric Company 
that has large boilers equipped to burn this type of fuel, then this would be the end of the process. We 
would de-water it after the mixing and ship it over to the boiler house. In the areas in which we have been 
involved, all of the large utilities and all of the large powerhouses are set up to bum either oil or gas. As 
such, they cannot use a fuel which contains up to 10% by weight of ash on an oven-dry basis without con- 
taminating the air. They just do not have the electrostatic precipitator capacity. 

So in the areas in which we are involved, we will be installing our own boilers and these will again be 
borrowed from the paper mills. They will be boilers that have been used for years to burn bark. And they 
work very well. In some instances we’ve been going all the way to generating electricity with turbogenerators. 
This adds tremendously to the capital cost of a plant. But it has to be done and with today’s high fuel 
costs, the amount of money for which you can sell your energy is very substantial. 
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One other item is still under development, it is to take the fuel developed from this wet system— which, 
I might add, averages 50% moisture, but it is extremely uniform. It only varies from about 49 to 51%. 
It has a very constant BTU value.— You dry down to about 25% moisture and then pelletize it. Then it 
becomes a Wghly storable, very easily handled material. The dry shredded and the wet shredded material 
in bulk form is extremely difficult to handle in material handling systems. When you pelletize it, you can 
transport it because it is now densified. There are some very good indications that it can be blended with 
the coal and then ground up right in the pulverizers. You can do your blending right at your coaJ-storage 
plant. The boiler people tell us that you probably can bum up to 40% by weight of this pelletized material. 

The net result is that through systems properly designed, you have no adverse effects upon the environ- 
ment. Even though this is a wet system, unless you have fiber recovery, 100% of your water is recycled, so 
there is no water effluent from the plant. There are no odors in the plant, because if you have your own 
boilerhouse, you draw the air from your tipping area, which does have an odor, and use that for the 
primary air in your boilers. You design your plant to take care of the noise problem. You have to put up 
a good building. You can’t put up a little steel shack. It must be architecturally attractive to the community. 
If you design your electrostatic precipitators properly, you’re well within the guidelines for particulate 
emission. I have one more minute. I think I would simply sum up by saying that both the wet systems and 
the dry systems do an almost identical job. There are advantages to one and advantages to the other. As 
we say back home, you pays your money and you takes your choice. Thank you very much. 

JOY: On the original program, I did have Mr. Ross to speak but if he will accept my apologies I would 
like to move directly onto Mr. Van Wambeke, because this is a change into atmospheric pollution, 
and if we have time, I would like Mr. Ross to try to say something on the handling and processing plants 
at the end. But I think I would like to take the air-pollution side of the problem right now. 
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Les metaux du groupe du platine et en particulier le platine et le palladium qui interviennent 
pour environ 90 % dans la consommation du monde occidental ont d’importantes applica- 
tions industrielles en dehors de leur utilisation extensive en joaillerie et plus recemment a 
des fins speculatives. Les applications de ces metaux reposent sur une serie de proprietes 
dont les principales sont la resistance a la corrosion a temperature elevee, la conductivite 
electrique et les excellentes proprietes catalytiques largement utilisees dans certaines reactions 
chimiques essentielles pour I’industrie. Les principaux secteurs industriels de consommation 
des metaux du groupe du platine (MGP), en I’occurrence principalement le palladium et le 
platine sont les industries chimique, petroliere electrique, la verrerie, I’art dentaire et la 
medecine. Aux Etats Unis ofi il existe des statistiques precises sur I’utilisation des differents 
MGP par secteurs industriels, le palladium intervenait pour 56 % et le platine pour 35 % 
dans la consommation en 1972,** 

L’augmentation substantielle de la production miniere mondiale de MGP qui est passee 
de 39,6 T en 1960 a 140,5 T en 1972 reflete bien I’accroissement appreciable de la demande 
de ces metaux et en particulier du platine et du palladium bien que la production secondaire 
soit importante. La consommation du monde occidental pour le platine a double entre 
1960 et 1970 pour atteindre environ 44 t et s’est encore considerablement accrue depuis 
1972 68,4 T en 1972 et 77,5 T en 1973 suite non seulement a des achats massifs du Japon 
pour des usages non industriels mais aussi a une augmentation appreciable de la demande 
dans les secteurs industriels classiques. 

La consommation dans les secteurs industriels est en efiet passee de 36,3 T en 1970 a 
environ 46,7 T en 1973 pour le platine uniquement. Le Tableau 1 donne la distribution de 
la consommation de platine par secteurs industriels en 1969 et 1973. 

La consommation de palladium du monde occidental serait du meme ordre de grandeur 
ou meme plutot legerement superieure a celle du platine si I’on se base sur les donnees 
statistiques existantes publiees par I’US Bureau of Mines. Le taux annuel d’accroissement 
de la consommation de MGP est le plus eleve parmi les matieres premieres minerales. Bien 
que Ton ne dispose pas de donnees sur la production secondaire, celle-ci ne contribue que 
pour 15 a 25 % de la consommation de MGP du monde occidental a cause du taux tres 
eleve d’accroissement de la consommation. II faut aussi noter que la substitution du MGP 
reste limitee dans la plupart des applications. 

* Texte presente en 1974, revu en decembre 1976 

** U.S. Bureau of Mines, 1972: Minerals Yearbook, Vol. I. 
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Tableau I. Distribution de la consommation de platine par secteurs indistriels en 1969 et 1973 

(en tonnes m6triques) 


Secteurs industriels 

Japon 

U.S.A. 

Europe 

Autres 

Total 

monde 

occidental 

% consommation 


1969 

1973 

1969 

1973 

1969 

1973 

1969 1973 

1969 1973 

1969 

1973 

Joaillerie Ddcoration 

4,23 

28,00 

1,12 

0,62 

1,46 

1,55 

0,47 

0,63 

7,28 30,80 

17 

40 

Chimie 

0,31 

1,21 

5,44 

7,44 

3,98 

4,20 

0,31 

0,22 

10,04 13,07 

23 

17 

Petrole 

0,40 

1,49 

2,30 

4,39 

2,83 

3,11 

1,31 

1,06 

6,84 10,05 

11 

13 

Verres 

1,09 

3,11 

1,96 

2,27 

2,08 

1,87 

0,03 

0,03 

5,16 7,28 

12 

9 

Electricitd 

0,59 

3,11 

3,52 

3,11 

3,17 

2,33 

0,56 

0,63 

7,84 9,18 

18 

12 

Art dentaire 

Mddecine 

0,16 

0,62 

0,68 

0,56 

0,56 

0,56 

0,16 

0,16 

1,56 1,90 

4 

2 

Divers 

0,22 

1,34 

1,49 

1,65 

2,21 

1,96 

0,25 

0,25 

4,17 5,20 

10 

7 

Total 

7,00 

38,88 

16,51 

20,04 

16,29 

15,58 

3,09 

2,98 

42,89 77,48 




Recemment les MGP, en I’occurrence surtout le platine et le palladium, ont trouve une 
serie de nouvelles applications dans les secteurs suivants : 

— I’industrie automobile, 

— le traitement des eaux polluees, 

— le traitement du cancer, 

— les piles k combustibles, 

— I’energie nucleaire (eaux de refroidissement). 

Cependant le principal nouveau secteur de consommation a court et moyen terme est 
sans aucun doute I’industrie automobile et concerne surtout le platine et le palladium. 
D6ja en decembre 1973, la General Motor aux Etats Unis a sorti ses premieres voitures a 
convertisseurs catalytiques Pt/Pd. Cette nouvelle application aura un impact important 
sur I’amelioration de la qualite de Pair et aussi sur la production miniere du MGP. J’analys- 
crai bricvement ces deux points: 


1. LE PROBLfeME DE LA POLLUTION DE L’AIR DUE A LA CIRCULATION 

AUTOMOBILE 

Ce problcmc qui prcoccupe de norabreux gouvemements a pris une ampleur Inter- 
nationale. Les principaux gaz polluants emis par les automobiles sont I’oxyde de carbone 
(CO), les hydrocarburcs non brules (HC) et Ics oxydes d’azote (NOJ. La contribution des 
gaz d’ccliappcmcnt a la pollution de Fair dans la Communaute europdennc attcint 90% 
pour le CO, 60 a 70 % pour les HC et 40 a 45 % pour les NO_.c. II faut y ajoutcr le plomb qui 
est emis sous forme de particules solides (oxydc de Pb surtout) et intervicnt pour environ 
90% dans la pollution de Pair par ce m6tal. Les polluants gazeux dmis par les vehiculcs 
a motcurs ont dte rcsponsablcs localemcnt des brouillards photochimiques nuisibles aux 
voics rcspiratoircs. Toutes ces substances polluantcs dmises sont nocives a divers degrds 
pour Phomme ct les Idgislations nationalcs tendent a rdduirc actucllcmcnt h un minimum 
le niveau des dmissions par la technologic comptc tenu d’un coQt acceptable. Les probicmes 
consistent done outre Pdlimination du plomb tdtradthyl dans Pcssence a transformer en 
majeure partie hydrocarburcs (HC) ct Poxyde de carbone (CO) en vapeur d’eau ct en 
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dioxyde de carbone par oxydation et de reduire les oxydes d’azote en azote. II est evident 
que les conditions qui favorisent I’oxydation rendent les reactions de reduction plus difficiles 
et vice versa. Jusqu’a present les convertisseurs catalytiques a MGP ont ete capables de 
repondre a ces conditions. Sur le plan legislatif, les Etats Unis prevoyaient pour 1976 une 
reduction d’environ 90 % des emissions des HC et de CO par rapport a r 6 tat non reglemente 
d’avant 1969. Ces limites devaient atteindre 0,41 gr/milepour les HC, 3,40 gr/mile pour le 
CO et 2 gr/mile pour les NO^.. L’application de ces limites a ete soumise a une revision 
notamment en ce qui concerne une reduction ulterieure des limites pour les NO^^. Depuis 
1975, le Japon a resserre sensiblement les normes a remission: 2,7 gr/Km pour CO, 0,39 
gr/Km pour les HC et 1,6 gr/Km pour les NO^.. En 1976, il y a eu une reduction ulterieure 
de la limite pour les NO^. a 1,2 gr/Km et il est prevu en 1977 de porter cette limite a 0,4 
gr/Km. Les normes severes en matiere d’emissions des NO^. vont obliger I’industrie auto- 
mobile japonaise a etendre dans le futur I’utilisation des convertisseurs catalytiques a MGP. 
La Communaute europeenne de son cote a reduit a partir du ler octobre 1975, les emissions 
des NO 3 . de 20 %, de CO de 20 %, des HC de 15 % par rapport a la premiere reglementation 
de 1970. En outre, une limitation des emissions des NO^, entrera en vigueur le ler avril 
1977. Des reductions ulterieures pour les trois polluants sont egalement envisagees. 


2. ANALYSES DES SYSTEMES ANTIPOLLUTION 

A cote du moteur Diesel qui produit peu de gaz polluants k cause d’une combustion plus 
complete, les principaux systemes antipollution utilises consistent en convertisseurs cataly- 
tiques et en moteurs speciaux. 


2.1. Les convertisseurs catalytiques a MGP 

Ces convertisseurs catalytiques sont utilises principalement pour reduire les emissions 
de gaz polluants dans le cas de voitures d’assez grosses cylindrees — cas des Etats Unis, 
notamment — mais leur emploi va tres probablement s’etendre a cause de I’abaissement 
progressif des normes d’emissions. 

L’utilisation des convertisseurs catalytiques a MGP presente plusieurs advantages du 
point de vue de I’amelioration de la qualite de Pair et de la consommation de combustibles: 

— reduction considerable des emissions CO, HC et NO^. dans les gaz d’echappement 
repondant aux normes futures; 

— utilisation d’essence pratiquement sans plomb (0,01 gr de Pb par litre); 

— reduction variable mais sensible de la consommation de carburant (10 a 15 % suivant 

— les types de convertisseurs) pour les voitures d’assez grosses cylindrees; 

— recuperation et recyclage possible du platine et du palladium. 

Un inconvenient mineur de ces convertisseurs est la transformation du SOg en acide 
sulfurique (OT % de S en moyenne dans I’essence). 

La fabrication du carburant special necessite aussi I’emploi de platine en tant que cataly- 
seur. Il existe actuellement deux types de convertisseurs catalytiques a Pt/Pd pour le pro- 
cessus d’oxydation, le type a “pellets” et le type monolithique. Tous deux utilisent un 
substratum en ceramique comme support pour les metaux catalyseurs et I’ensemble est 
enferme dans un container le plus souvent en acier, analogue au dispositif silencieux 
conventionnel. 
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L’un et I’autre type ont des avantages et des inconvenients mais maintiennent leur 
efficacite jusqu’environ 90 000 Km. Les quantites totales de platine— palladium (rapport 
5/2) varient suivant la dimension depuis environ 1,5 gr (pellet type) jusqu’^ 3 gr (type 
monolithe). 

En ce qui concerne la reduction de NO^., un type de convertisseur catalytique a base de 
ruthenium a ete egalement mis au point. 

Les deux systemes catalytiques d’oxydation et de reduction peuvent etre combines ce 
qui ^limine pratiquement toutes les dmissions de polluants gazeux. 

Les convertisseurs catalytiques a Pt/Pd ont ete deja adoptes par la plupart des con- 
structeurs americains. Quelques constructeurs europeens (et japonais) qui importent aux 
Etats Unis ont aussi pris une decision similaire. 


2.2. Les convertisseurs catalytiques a metaux de base 

De nombreux types de convertisseurs catalytiques k metaux de base ont ete developpes 
ces dernieres annees. Si le prix de la matidre premiere est moins eleve que le platine, ils ont 
trois desavantages majeurs qui rendent finalement moins onereux I’utilisation de con- 
vertisseurs a MGP. 

— la dimension: les MGP ont plus efficients par unite de volume; 

— le poids: ces convertisseurs ont un poids en moyenne 4 fois plus eleve que ceux a 
MGP; 

— la duree: nettemment plus courte. 

II est done peu probable que ces types de convertisseurs k metaux de base puissent rem- 
placer les catalyseurs k MGP k moyen terme. Des efforts sont cependant en cours pour 
ddvelopper de nouveaux types de convertisseurs k mdtaux de base capables de repondre 
aux normes futures et de fonctionner avec de faibles quantites de plomb tetraethyl. 


2.3. Les moteurs spiciaux 

Les moteurs speciaux constituent une alternative possible aux convertisseurs catalytiques. 
Le ddveloppcment se poursuit dans trois directions principales: les moteurs a charge 
stratifide. Sterling et les turbines k gaz. Un type de moteur a charge stratifiee (stratified 
charge engine) a dtd mis au point initialement par Honda mais plusieurs firmes automobiles 
font un effort important de developpement pour ce type de moteur qui permet une com- 
bustion plus complete et done une rdduction notable des dmissions des trois gaz polluants 
principaux. 

Les moteurs Sterling a combustion externe continue sont intdressants surtout pour les 
vdhiculcs de grande puissance (camions, bus, etc). II en est de meme pour les turbines k 
gaz dont le principal handicap a surmontcr est la consommation encore excessive de 
combustibles. 

En conclusion, les Etats Unis ont optd pour les convertisseurs catalytiques a MGP, 
pour rdpondre aux normes en matiere de pollution de Pair. L’adoption de ces catalyseurs 
par les principaux constructeurs americains (GM, Ford, Chrysler) n’a pas etd sans 
difiicultd. 

Lc Japon sera probablcment obligd de suivre une ligne similaire tout au moins pour une 
certaine catdgorie de vdhiculcs a cause des normes sdvcrcs envisagdes. Pour la CEE, il est 
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probable qu’en dehors des voitures exportees, les limites admises d’emission soient moins 
severes ou acceptables pour le type moyen de cylindree. Le developpement de moteurs a 
charge stratifiee demandera une periode de 3 a 5 ans et de ce fait ne pourra avoir un effet 
sur le taux de consommation des MGP qu’a partir de 1980. Une autre alternative est 
egalement I’extension de I’utilisation du moteur Diesel. Dans ce dernier cas cependant, 
les normes en matiere d’emissions de NO^ pourraient amener egalement I’utilisation d’un 
systeme antipollution. D’une maniere generale, il faut s’attendre a une certaine augmenta- 
tion de la demande des MGP neufs dans le secteur automobile au moins jusqu’en 1980 
puis a une diminution graduelle de cette demande surtout a partir de 1985. 

Les MGP contribueront done a une reduction considerable des emissions de gaz polluants 
dues a la circulation automobile. II est possible que ces metaux trouvent de nouvelles 
applications dans la reduction des polluants gazeux emis par les centrales thermiques et le 
chauffage domestique. 

3. AUTRES APPLICATIONS DES MGP DANS LA LUTTE ANTIPOLLUTION 

Depuis 1972, le platine (anodes) intervient egalement pour la fabrication directe de 
I’hypochlorite de soude a partir de saumure (precede chloropac). Ce precede est utilise 
pour le traitement des eaux urbaines et industrielles et commence a etre applique aux 
Etats Unis en place du precede au chlore. Des recherches sont egalement en cours pour 
appliquer le precede chloropac au traitement des eaux potables. 

Les MGP sont egalement utilises pour relimination des substances contaminantes radio- 
actives des eaux de refroidissement des centrales nucleaires. 

4. ESTIMATION DES BESOINS FUTURS EN MGP 

Suite a la demande de I’industrie automobile, les besoins en MGP en particulier le 
platine et le palladium vont augmenter d’une man iere appreciable. Plusieurs contrats de 
foumiture ont d’ailleurs ete deja signes avec les pays producteurs. 

Les besoins en MGP dependent d’une part du systeme de contiole adopte et d’autre part 
d’un certain nombre de facteurs economiques et technologiques: 

— la quantite de v6hicules equipes de catalyseurs MGP, 

— la quantite de metal precieux utilisee dans les convertisseurs, 

— la quantite de metal susceptible d’etre recycle, 

— la substitution par d’autres systemes et son echeance probable. 

L’ensemble de ce probleme a fait I’objet d’une etude detaillee et regionale pour le compte 
de la Commission des Communautes europeennes. II ne nous est pas possible ici d’entrer 
dans les details. 


Tableau 2 
(en tonnes m6triques) 


Secteurs 

1974 

1977 

1980 

1983 

1985 

Automobiles 

10 

30 

40 

40 

40 

Industrie 

115 

135 

145 

165 

185 

Joaillerie 

35 

38 

40 

45 

47 

Total 

160 

203 

225 

250 

272 
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En resume, les previsions des besoins probables en MGP (metal neuf) pour le monde 
occidental sont indiquees au Tableau 2. 

Les reserves exploitables de MGP actuellement connues dans le monde estimees a 
quelque 37 000 tonnes metriques sont done en principe susceptibles de satisfaire Faccroisse- 
ment des besoins a long terme, compte tenu de la consommation des pays communistes. 


5. CONCLUSION 

Les metaux du groupe du platine en particulier le platine et le palladium offrent done de 
bonnes perspectives dans la lutte antipollution et sont susceptibles de contribuer de fagon 
appreciable a Famelioration de la qualite de notre environnement et notamment de Fair. 



SULPHIDIC OXIDE EMISSIONS 


F. R. Ross 

Chief Engineer's Department, Central Electricity Generating Board, 
157-168 Blackfriars Road, London SEl, U.K. 


The emission of sulphur dioxide is regarded by some people as atmospheric pollution and 
by others as a method of recycling a waste product of combustion to vegetation which 
needs it. Yesterday we had discussion on returning waste products to the land. Nitrogen, 
phosphorus, and potash were mentioned, but not sulphur, which is equally important. 

1 . This first slide shows that sulphur is washed out of soil and accumulates in the sea. 
Sulphur has to be continually supplied to the land year by year, as otherwise it will soon 
be insufficient for maximum crop growth. 

2. These plants were grown in filtered air in the greenhouse of the Grasslands Research 
Institute on soil taken from outside. On the left, sulphate has been added to the soil and 
they are growing well. On the right they are stunted because of insufficient sulphur. But 
outside they grow well on this same soil because they can get their sulphur from the 
air. 

3. The old traditional fertilizers had plenty of sulphur in them. 

4. Modern fertilizers have very little sulphur. 

5. This shows how plants use various gases from the air. The utilization of sulphur 
dioxide has similarities with carbon dioxide except that plants have to be much more 
efficient in capturing sulphur dioxide if they are to get enough. 

6. They get enough because in addition to absorption through the leaf pores sulphur 
reaches them also in other ways. 

7. You may wonder why therefore sulphur dioxide has got such a bad name. This 
photograph of the City of Liverpool shows smoke from the chimneys going down into the 
streets. Of course, that is old-type housing. 

8. But these nice new modem bungalows are just as bad. 

9. Here is the chimney of a new school. The architect made an architectural feature 
instead of a good chimney. It is too wide, so the gases go up it very slowly. He has put a 
lid on top to keep the rain out. The gases do not mix and disperse properly in the air. You 
can see that the near side of the tree across the road is damaged, but not the far side. 
Here we have an example on the scale of a few metres of the kind of damage which has 
occurred downwind of large smelter plants at Trail and Sudbury in Canada on the scale 
of kilometres. 

10. This diagram shows the effect of different kinds of chimneys. Sufficiently large 
chimneys will cause dilution of the gases, will take them above an inversion layer, and will 
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not contaminate the air at breathing level until the dilution has reduced the concentration 
to a harmless value, 

11, While that was a diagram which anybody can draw, here is a photograph taken over 
an inversion cloud layer over London, You see the gases not only from power stations but 
from factories, such as a sugar refinery, coming up through the layer instead of polluting 
the air that people breathe below. 

12, Here is the actual record over 20 years: a 50% fall in the sulphur dioxide that people 
breathe, while there has been an increase of 20% in total emissions. On the same scale I 
have shown the emissions for the U.S.A. You can see that they are too small to worry about, 

13, This summary of the effects of various concentrations of sulphur dioxide shows that 
the ideal for recycling sulphur back into vegetation is around 30-40 /^g/m®. Above 70 /xg/m® 
we begin to have trouble, and below 10 /^g/m® there is sulphur deficiency. 
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HIGBIE: I would like to ask Don Klumb from Union Electric Company a question which ties the subject 
of sulfur dioxide found in powerplant stack gas emissions to the subject of resource recovery. We know 
that paper is one of the lowest sulfur-containing fuels now available and its use as a fuel supplement when 
burning high-sulfur coals should reduce the generation of sulfur oxides which are eventually emitted to 
the atmosphere. Would you please tell us how etfective the burning of paper has been to reduce sulfur oxide 
gaseous emissions in the current operation at the Union Electric Company? 

KLUMB; We are not using a higher percentage because it is not available. We are incapable of collecting 
enough material. We have a capacity to burn something like 30,000 to 40,000 tons of solid waste a day. 
We just can’t get enough of it. We’re reaching out now 150 miles, looking for material. It’s not that we 
don’t like it — it’s just that we don’t have enough of it. 

SIKKA: I’d like to ask Professor Rubin how far the materials move? Because that is one question that 
most people have not touched. We have been talking about pollution of water, subsurface water, but what 
we want to know is how far some of the pollutants can be traced and how far are their effects? 

RUBIN: There is no general answer to this question. The answer depends on the material which is 
moving and on circumstances under which it is moving, that is, on the system characteristics. Let’s take 
two extreme examples. First, consider that the moving substance of interest is chloride. One may be in- 
terested in chloride because, say, due to excessive pumping, salt water is moving into an aquifer. Well, 
chloride does not react with the matrix, i.e. sediments, so it moves relatively fast. In addition, obviously, 
its movement depends on how fast the ground water is flowing and on the dispersive properties of the 
aquifer. On the other hand, consider something which exchanges or reacts — say one puts dissolved cadmium 
into a carbonaceous environment. Well, cadmium will precipitate, and hence will be moving very slowly, 
if at all. It follows from these examples that there is no general answer. If one wants an answer for a particular 
problem before the pollutant is introduced, one has to model the situation on hand: one must construct a 
model; measure the relevant parameters; introduce these parameters into the model, and then, for one’s 
particular circumstances, an appropriate answer will be obtained. If, in the course of time, we shall gather 
enough experience under various circumstances, perhaps we shall be able to give some very general “global 
average’’ answers which are encountered at this conference. Today, we really have difliculty in giving such 
answers. But what can be pointed out here is that if one does not take into account the actual local circum- 
stances, one might choose controlling rates, which would be meaningless. They might be one, two, or three 
orders of magnitude wrong for a given location. And it is pollution at a given location, not the global average 
pollution, which most often counts. 

LOCKE: Gentlemen, may I raise two issues which are in my mind, which haven’t been touched on but 
do seem relevant to what’s been said. The first is the matter of the economics of acceptability to society; 
in our case, the economics of environmentally acceptable processes. Today and yesterday it does seem to 
have been assumed that one has positively to pay for having a decent environment as compared with the 
sort of environment one would have as a result of using current processes. But Td like to question this. 
In our work in the National Research Development Corporation in Britain, whose job is to take new 
science and turn it into industrially useful processes, we have many dozens of process variants, and im- 
provements, including recycling techniques, reclamation processes, and alternative new processes, that 
show actual econonuc advantage over the processes which are being applied and used today. In other 
words, one does not necessarily have to pay for a decent environment. 

This is important because we’re concerned in NRDC with the development of processes that do show 
some economic advantage. I won’t go into the details of the sorts of processes that we’re concerned with 
because that would take too long and we’re at too late a stage in today’s meeting. But to give you a few 
examples; we are developing and have licensed and in operation a new approach to steel making, which 
reduces the needs for expensive fume-precipitation equipment and enables old open-hearth furnaces to go 
on being used profitably for much longer, simply because the iron oxide fume hitherto emitted as a great 
pall of red smoke over open-hearth furances is no longer formed. The steel thus produced is actually cheaper 
and can also have purely technical advantages. In recycling, we’re concerned, for example, with highly- 
profitable processes for recovery of plasticizers from scrap plastic that would othenvise be dumped. This 
makes money. In Britain, we’re reclaiming many materials where the cost of reclamation is more than 
made up by the sales of products resulting from the reclamation. Nickel, copper, and other metals such as 
tin have obvious value, but in some cases reclamation of waste plastics can be worthwhile for reuse as 
plastics directly if the application is suitable. As we go forward in our work we find that there are all sorts 
of opportunities for new industry, from an environmental point of view. New filters, new biological oxida- 
tion plants, new instrumentation, ancillary equipment such as pneumatic conveyors, etc., can all play an 
environmentally useful part, as well as a technological development part, in the advance of industry as a 
whole. 

Then, there is the question of substitution of new processes. We are, for example, involved in fluidized 
combustion, which is a means of burning fuels, however sulphurous, with negligible environmental prob- 
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]ems from sulphur dioxide. This is not to say that Mr. Ross is not perfectly right when he says that some 
sulphur dioxide is desirable in the atmosphere— the important point is to be able to control it economically. 
The fluidized combustion work I motion because there are so many Americans here and several Swedes 
and so on. We’re working closely with the American Government and also with organizations in Sweden, 
France, and elsewhere as well. The technology makes it possible to use dirty fuels, in advanced combined 
cycles, to generate power at high efficiency in an environmentally clean manner, and more cheaply than by 
conventional means. Another example of a new process we are working on is called “formed coke”, which 
makes a reductant for the steel industry and which not only extends, as does fluidized combustion, the 
range of raw fuels one could use in the process; it also means that the process can be performed environ- 
mentally much more cleanly than can conventional coke-making processes. 

Secondly, and in quite a different line, I’d like to suggest the addition of another proposal to those which 
arose out of the discussion this morning. As well as the six proposals that have already been made as recom- 
mendations from here, dealing with a reduction of increase of demands on resources and raising living 
standards, improving education and knowledge, working towards balance of development of resources 
and uses and so on, there is another — that mankind as a whole needs to consider more carefully what is 
required from science, or what man requires from science. Perhaps we ought in future to aim for a little 
more spreading-around of the possible benefits of science, to all people, rather than just making great 
advances in particular directions to benefit some. I’m not saying anything against far-reaching advances 
in specific directions: obviously, if it could be achieved, a cancer cure or a cancer control, for example, 
would be a very good thing. 

But I’m concerned at this stage with the whole of science and the purposes for which the science is used. 
When science is publicly funded — paid for as university research by government agencies and research 
bodies, for example, it is very largely for the purpose of increasing the intellectual resource, so to speak, 
of the world, and this, I’m firmly convinced, is a very good thing. But when we come to use the results 
of science, we tend — if we’re not very careful — to take a rather too short-term view. We tend to consider 
what can be profitable (or even economic) in the fairly short-term future. Our work in NRDC shows that 
if one takes a slightly longer-term view, one can still make profit on the right schemes. But here I’m sug- 
gesting that one needs to take — so far as concerns a conference like this — an even longer-term view. This 
Institute is concerned essentially with quality of life, and that involves so many other aspects than just 
medium-term or short-term economics, that we should add a seventh recommendation: to do with the 
spreading around of understanding of the sort of science that we have and of the benefits that can be achieved. 
I say this particularly because these days there does seem to be a growing risk of a gap between people and 
technology. It is almost a gap between people and progress. All the technologists in this room and elsewhere 
in this building, and civil servants and industrialists and planners and developers and forecasters, and so 
on — all sincerely believe that their efforts contribute to progress for the public good. And yet, you know, 
people frequently find themselves, when they consider tWngs from a personal point of view, that progress 
tends to leave them behind. 

People are glad of and accept warm houses and solid footpaths, and well-lit streets and easy transport 
and uncontaminated food and cheap clothes, and the many other benefits of industrialized life. But, at the 
same time, quite understandably, they’re not entirely happy . . . they grumble about polluted air and beautiful 
buildings pulled down to make way for new ones, and old buildings that fall down because of the vibration 
on the road caused by heavy lorries. They grumble at the littered countryside and at noisy fli^t paths under 
their aeroplanes, worry about unwelcome aspects of systems technology, resent sewage in the sea, and fear 
safety aspects of novel science and technology. There are many other examples. All of these things could 
quite simply be dealt with by technology, thought, and organization. But as a world we lack adequate 
means of communication out from, and back to, the scientists and the technologists, the industrialists and 
the progress makers. We lack real understanding at the interface between these categories of people and 
the ordinary people that are outside this room — ^for that matter, the ordinary people we ourselves become 
as individuals when we leave a room like this. I would like to hope that this Institute of Quality of Life 
could make as one of its recommendations the setting up of deliberate operating interfaces between those 
who organize progress and those who undergo its effects. This would require organization, perhaps via 
UNESCO. It will be important to ensure good flow through such interfaces in both directions, both of 
information and of encouragement to discuss and reconcile issues. 

JOY: I think we had better turn to Professor Harrison Brown to give his comments on the summing-up. 

BROWN : Thank you very much. Professor Joy. I am very sorry for the fact that we pushed you so hard, 
but I gather that the discussions were nevertheless useful. In about 15 minutes, this meeting will be adjourned 
and a drafting group is going to start working. It will be very useful to have some suggestions from this 
group as to what — if anything — we would like to recommend. There are various degrees. I believe that 
there would be a chance that we would get unanimous agreement on any one fact or any one principle, 
but we can talk in terms of the consensus, we can talk in terms of a general agreement or a feeling that 
there was an agreement and so forth, which we will probably have to do. Mr. McKelvey presented for our 
consideration a series of possible resolutions. These need not be presented in the final document as 
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resolutions; they could be presented as suggestions, conclusions and so forth. So I open the floor now for 
discussion, reactions to individual items that have been suggested and proposals for others. 

RUBIN: I would suggest that we divide our recommendations into two parts: (1) technical recommenda- 
tions; (2) general recommendations. In connection with the technical recommendations, note that we are a 
technical group, we talked almost exclusively about definite technical problems, like depletion of mineral 
resources, the recycling problem, the waste-disposal problem. Hence, our technical opinions are particularly 
relevant to the conference. In connection with every topic we considered we should attempt to define the 
problem, and state what action do we think is needed in order to solve it. The action in question should 
include research and development as well as societal action. I think that we should develop these technical 
recommendations first. Then we can consider the second type of recommendations. These are like many 
of the recommendations presented by Dr. McKelvey. They are general recommendations which we make 
when we consider ourselves as a part of the conference as a whole and as concerned citizens of the world. 

DYKE: There are two points I would like to make, Mr. Chairman. One following on Mr. Locke. I’m 
wondering if it is possible to set up a trust within the Institute that would harbour technical ideas, to get 
these spread across the board, which I think is what we’ve got to have, and to distribute the values that 
devolve from this accumulation of ideas so that we don’t get multiple parallel practice in the development 
area. There would need to be some means whereby a reward is placed where it belongs, where you get the 
original innovation and work. I don’t know if it’s practical, but it does seem to me an area for exploration 
in that field. The other point, I think we have over concentrated on the recycling of the waste product. This 
is my area and I am commercially concerned here. This is my bread and butter. But I do admit that the 
more I look into this problem, the more we have got to think of the savings all along the line, from primary 
extraction right down to the end product. The end product waste is a fraction of your total resource use, 
in the production and utility areas. If you take the high cost of recovery and set this against a 5 % saving in 
resource use (which we can get) we had a 3-day working week in the U.K., for example, and a 4.2-day 
working utility. This is worth looking at. We are up against Parkinson’s Law, I’m quite sure. If you dig a 
big enough hole you can fill it. It’s always the gap that gets filled up. I think if we were to effect savings in 
consumption this is where we would score. 

SnCKA: I agree with Professor Rubin that we should divide between the technical and nontechnical 
opinions of various branches. We have spent considerable time in discussing recycling of wastes, recovery 
of materials of waste. Many people would get the impression that it may be easier to recycle and recover 
materials out of waste than to look and search for minerals or developed resources. I’d like to cite one or 
two examples which I have seen in the past. A few years ago there was a thought that we should substitute 
aluminum for copper and at home we did start looking for substitution rather than finding more copper 
and developing. This year we are talking about a substitute for steel, because we don’t produce enough 
steel. This type of talk which we have been doing for the last li days could give the same impression to 
many people. What I want to point out is that recycling of waste materials under renewal resources and 
environment are essential in highly developed countries, and technologies may be required to a lesser degree 
at present in the less-developed countries. Therefore a distinction needs to be drawn in order that people 
in the less-developed countries do not become complexed about the development of their resources. Two, 
the problem of basic recycling has arisen because of the cheap availability of raw materials in the past. 
Had higher prices been paid earlier, some of the problems may not have arisen. And may have been solved. 
Maybe we should consider paying higher prices for the raw materials to offset the cost of environmental 
protection which the underdeveloped or less-developed countries will have to invest in their countries in 
future to avoid pollution which highly developed countries are now facing. Three, the real problem is not 
overpopulation or population growth, but the highly developed countries conserve more resources and they 
consume more and more. If this consumption can be controlled by techno-economic developments, maybe 
we can solve some of the problems confronting mankind. Four, one question this conference needs to 
answer is: Are we running short of resources — mineral resources I mean — if so, what would be the effect 
on mankind? Still we have not proved that scarcity is about to come or has come. The conference, and 
especially this group, should consider this question and should give an answer. This is one of the prime 
purposes of our being here, for the effort needed in terms of manpower, education, and training need to 
be mentioned. 

BROWN: Thank you very much. I hope you can submit those to the conference. 

GOMES DA COSTA: I would like to support the opinion just expressed here by the distinguished 
delegate from India. We in Brazil are a country with 18i million km’^ We know very little, geologic- 
ally, of our country. So to us, it is very strange, this talk of the scarcity of minerals. Like Brazil, I think 
.there are a lot of other countries that would find this kind of talk strange too. We, in the last years, 
have had a very high rate of our growth national product and we intend to proceed in the same way with 
or without waste. It is essential for us to develop our resources, but we don’t want to do it alone. Because 
Brazil is open-minded to foreign investment, but we want to enjoy foreign investments to have a just price 
for our natural resources. I got the impression in the last days that with the effects and not with the goals 
of waste products. As a matter of fact I got the impression that if the trend goes on, as seems to have been 
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indicated here, we would have a waste-disposal industry so strong as to be a branch of the economy that 
each day we should have more waste to have the economy in good shape! That’s not a joke. That’s really 
the impression I had. On the other hand, I think that science and technology and the education could try 
to find a way of lessening the generation of waste and not treat always the disposal of waste. 

PARTZEK: We have a mechanical problem just on lime because according to my watch there arc about 
four minutes and I’m concerned about what we’re going to hear in the next several days that may fall out 
of our group, I was wondering whether or not the suggestions of breaking it down into working sessions 
and perhaps putting some of us to work this evening would perhaps be a good use of the time remaining. 
I’ve come a long way as a guest and I’m prepared to work. I’m sure there arc other people here who would 
be willing to work this evening. Rather than having two or three people having to go off and write what 
they believed to be the findings of this group, could we not assign or break it down into little assginments 
and work this evening? To help you out because you must have a serious task ahead of you. 

BROWN: It is quite clear that whatever is written and reported, the conference as a whole is not going 
to be very long, nor will it be very detailed. My understanding is that there will be plenty of time for dis- 
cussion during the course of the next 3 days concerning all of the facets of the problems that arc being 
taken up by the conference. My own feeling is that we probably will not wish to be quite as specific in 
our suggestions as these particular items listed by Mr. McKclvcy appear to be. This is something that we 
will have to discuss. I am somewhat mystified that the organizers of the conference did not provide more 
instructions as to exactly what they expected our group to do. I suspect that there will be an opportunity 
for assignments to be made. I would be reluctant to do it now until we consult the heads, the chairmen of 
other groups and with the overall organizers of the conference, to find out in more detail just what is ex- 
pected of us. I would hate to break ourselves up into 25 working groups tonight and have everyone stay up 
until 3 o’clock in the morning and then find out that this has not been useful. So W'e’rc just trying to ge; a 
feeling now for reactions. 

CLOUD: Well, Harrison, it is awfully late and I don’t think we’re going to resolve anything here this 
afternoon. But I’d like to say just a few words in response to some of the discussions I have heard. As a 
member of an affluent country and a relatively affluent member of an affluent country, 1 would be very 
happy to give up some of my affluence if I thought it would help anybody else. Indeed my own life is a 
relatively simple one. It is by design not highly material consuming. I think probably one thing we might 
all agree on as a goal here is that we do wish — really and truly — to improve the lot of deprived peoples 
everywhere, whether they be in ghettos in some great city in an affluent country or in some small traditionally 
poor tribal region. But if we think in terms of doing this, with present world resources, and then if we 
project this at present rates of increase of world population among the poor and consumption among the 
rich, when is it going to happen? You yourself back in 1954 made some interesting projections about how 
much new raw materials would have to be put into circulation to raise the level of living generally to that 
then prevailing in affluent countries. Let us take one of the less affluent countries of Western Europe. If 
we want to raise the level of everyone, everywhere in the world to that level, how do we do it? We would 
have to have literally — even at present population — a production equivalent to hundreds of years of pro- 
duction in current terms, to achieve this even by the year 2000. Yet even if world populations were today 
to go to a bare replacement level of growth, population, because of age patterns, would still continue to 
increase for another 70 years and world populations would increase by 50%. At the faster rates of growth 
prevailing we wipe our gains in food and materials production faster than we’re able to make them. The 
fundamental proposition is contained in McKelvey’s six statements. These are humane propositions, 
aimed toward a more equitable distribution of the wealth and the goal of improving the lot of the under- 
privileged. If we as a group endorse nothing else I wish we’d endorse that. 

AUBERT: Je voudrais simplement indiquer combien je suis d’accord avec ce qui a 6t6 dit par notie 
collegue le Dr. Rubin i propos de recommandations et rfeolutions que nous devrons prendre et combien 
je suis d’accord avec notre collegue des Indes. 

HEALING: In the remarks, I would very much like to support the six points proposed by Dr. McKelvey 
as being the basis of the report of this working party to the plenary session. Whether or not some additional 
technical points or recommendations are made, I think is of secondary importance. I admit that a great 
deal of the discussion in the last day and a half, particularly today, has b^n very much concerned with 
technology. However, I think the amount of time given to the discussion, important as it is, does not neces- 
sarily reflect the true importance of the working group’s discussion. I therefore feel that Dr. McKelvey’s 
six points, in particular his first point, in which he proposes a recommendation to the effect that developed 
countries should aim towards reducing their rates of increase in consumption of mineral resources and 
mineral fuels, is probably the most important single recommendation that this working group can make. 
My only regret is that it cannot be put more specifically, that is, as to how such reduction in the rate of 
increase can be brought about. I’m afraid that in the last day and a half there has been comparatively little 
discussion of this question as a whole and I strongly feel that the way this could be brought about is for the 
consumers of mineral resources to be faced with the total resource cost of those resources they are con- 
suming. This would partly come from providing the primary producing countries with higher prices for 
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their mineral products, but it might also necessitate in my opinion the intervention of governments in the 
consuming countries by fiscal means, to ensure that the consumers in those countries paid the true resource 
cost and therefore were more economic and eflBcient in their use of products and hence would generate 
less waste. 

BERC6; I would rather make a suggestion to the working group. In the time we have spent together, 
the discussion has been leveled from one country to another one, which indicates that the problems involved 
are various and very different. Therefore the basic measure is completely different when passing from one 
to another country. Consequently our conclusions should be leveled and measured with the same measure- 
unity and not influenced by the measures actually employed whether on one side or another. 

RUIZ: I would like to make some comments on the Point Two of Mr. McKelvey’s proposals of reso- 
lutions, saying that the governments and intergovernmental bodies should endeavor to improve the level 
of living of the underdeveloped countries mainly if not only, through a better internal distribution of 
income, considering the need of the conservation of the non-renewable resources. I consider this proposal 
unjust for the underdeveloped countries, for it means that if a country has an average per capita income of, 
say $200 or $500 the only way they can afford to improve their level of living is to distribute in an equitable 
way that small amount of income. If the future world supply of resources is considered so hopeless, I think 
it is necessary to share the sacrifices between the developed and the underdeveloped countries allowing the 
increase of standard of life of the latter. 

BROWN: Yes, you’re right. I completely agree with that. There needs to be some rewording there. 
You’ll be at the very last, Mr. Vice-Chairman. 

GUILLEMIN : Au sujet de la possibilit6 d’un d6veloppement encore considerable de la consommation 
en m6taux, on salt que dans les pays developpes on tendait deja vers un palier. Ce palier dtait ddjd visible 
pour certains mStaux tres utilises comme le cuivre, le zinc, le plomb. II est possible que la deflation — car 
il faut tout de meme considerer que nous sommes dans un monde ou I’economie joue un grand role et pour 
I’instant il se passe des choses du point de vue &onomique depuis deux au trois jours — la deflation qui 
pourrait parfaitement arriver devrait tendre d accelerer le passage sur palier et done a ce que la croissance 
en consommation de mdtaux par tete dans les pays developpes diminue ou du moins se stabilise. Pour les 
pays en voie de developpement qui actuellement consomment extremement peu puisque 2 milliards d’in- 
divldus consomment 10% de la consommation totale en metaux il y a deux cas: 

— ou bien ils sont riches, e’est-d-dire qu’ils disposent de reserves importantes en produits dnergetiques. 
Ce sont les pays arabes et les pays golfe de Guinee. Ces pays riches representent 200 million s d’in- 
dividus done meme si leur consommation par tete en m6taux devient equivalente d celle des americains, 
cela ne repr^sentera pas une augmentation considtoble de la production de m6taux. 

— pour les autres, pour les 2 milliards d’individus restants, qui eux sont chaque jour plus pauvres avec 
la crise de I’energie et avec les prix augmentant pour le petrole et les autres matidres premieres, il est 
certain qu’avant de se servir de mdtaux, ils auront tendance d manger, tout au moins ils essaieront, 
et done je ne pense pas que Id aussi la consommation en mdtaux puisse augmenter considdrablement 
dans les 10 ou 20 prochaines annees. 

C’est pour cela que je pense que toutes les courbes qui sont faites actuellement et tons les raisonnements 
qui sont basds sur mettons un doublement de la consommation en metaux d’ici I’an 2000, sont profondement 
faux. Si nous arrivons simplement d multiplier par 1,5 la consommation ce sera dejd relativement con- 
siddrable meme en tenant compte de I’augmentation ddmographique— I’augmentation ddmographique 
jouant tres peu dans les pays riches et jouant essentiellement dans les pays pauvres qui auront de moins en 
moins de moyens pour se procurer des mdtaux. 

Si nous reprenons les chiffres qui ont ete donnes par le Dr. Cloud pour le cuivre en particulier, il donne 
comme possibilitd de production totale du cuivre un chiffre compris entre 1 milliard et 10 milliards de 
tonnes metriques. Il estime que cela nous conduirait d peu pres a epuiser les gisements de cuivre vers 2050. 
En 2050, mettons que nous soyons environ 10 milliards d’individus sur la planete, cela donnerait done par 
tete d’individu une quantity de cuivre comprise entre 200 et 600 kg. Ce qui represente tout de meme quelque 
chose d’assez considerable etant donne qu’actuellement on estime que la quantit6 de cuivre par habitant 
de la planete est inferieure d 30 kg. Ld aussi, on a vraiment I’impression que les gens peuvent augmenter 
considerablement leur stock mStal alors qu’en realite on sait parfaitement que I’espace est limite, que dans 
un appartement on ne pent pas mettre 300 kg de cuivre, c’est totalement impossible; il y a une limite qui 
est une limite physique de consommation des m6taux par tete d’habitant. 

JOY : It was a little unfortunate, I think that God was not here at the beginning of this afternoon’s session, 
where we were making the particular emphasis on the need to plan and to think. I think for a useful sug- 
gestion in this short term, that we may see something happening in 5 years, in that rather more efforts are 
made along the lines represented in these first three papers, of attempts to get even some crude, overall 
models of the interactions of the economic pressures and legal pressures which could realistically be 
applied and if possible take the type of work of Dr. Rubin in attempting to get finer models pushed, 
bemuse there is altogether far too much what we would c-” n., 
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thinking. Tliat is what I fed should be one of the resolutions for some rather more positive thinking and 
if it can be made scmi-mathcmatical, the better. 

BROWN : Thank you very much. The meeting is adjourned. 
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PREFACE 


V INSTITUT DE LA VIE a pour objet: 

— d’engager d’une maniere permanente uoe reflexion fondamentale et appliquee, theorique 
et pratique, sur la vie et la condition humaine, qu’il s’agisse de notre espece dans la 
biosphere ou de rhomme dans toutes ses dimensions; 

— de rassembler les plus hautes competences scientifiques et techniques pour rechercher a 
chaque instant dans le pluralisme des disciplines et des philosophies les solutions les 
mieux adaptees aux besoins et aux aspirations des humains et d’aider ainsi la decision de 
ceux qui se trouvent investis des plus hautes responsabilites; 

— d’etablir un courant d’echanges entre les hommes a tous niveaux pour les sensibiliser a 
la valeur de la vie et les eduquer k la respecter. 

L’INSTITUT DE LA VIE a organise, du 9 au 14 septembre 1974, une conference mondiale 

sur le theme: 


“VERS UN PLAN D’ACTIONS POUR L’HUMANITE: 

BESOINS ET RESSOURCES— METHODES DE PREVISION” 

a laquelle ont participe 236 personnalites appartenant k 29 pays. 

Cinq themes ont ete choisis qui ont fait chacun I’objet, en septembre et octobre 1973, d’un 
colloque preparatoire. Les travaux de ces colloques ont ete pubhes dans Touvrage “VERS 
UN PLAN D’ACTIONS POUR L’HUMANITE— PROBLEMES ET PERSPECTIVES”.^ 

Les actes de la conference elle-meme sont publics en cinq volumes. 

Cette manifestation sera suivie de nombreuses autres inspirees par la mSme volonte de 
poursuivre I’aventure humaine et de permettre a I’homme de vivre et de s’accomplir. 

L’INSTITUT DE LA VIE soutiendra tous les quatre ans le meme efibrt concerte de 
reflexion universelle. 

L’INSTITUT DE LA VIE est le point de rencontre des inquietudes, des espoirs et des 
volontes.Ilest lelieudela prise de conscience, de la miseenalerte, II veille aux postes avancees 
de gardien de la vie, II pose les equations de I’avenir et du salut. Prise de conscience, prise de 
confiance puisque tout desespoir est d6sormais porteur de neant, Confiance dans notre 
capacit6 de trouver des solutions neuves a des situations neuves, confiance dans I’homme, 
confiance dans I’esprit, confiance dans la vie. 

M. MAROIS 

^ North-Holland Publishing Company, 335 Jan Van Galenstraat, P.O. Box 103, Amsterdam-W, The 
Netherlands, M, MAROIS, editor, 1974, 558 pages. 
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SOURCES ET TECHNIQUES NOUVELLES EN MATIERE 
D’ENERGIE APRES L’AN 2000 


R. Gibrat 


Lc choix dc Fan 2000 cst bon pour pcrmcltrc unc rcdexion sercinc et ne vaut pas seulement 
par I’attrait d’un nombrc rond traditionncllcmcnt charge dc mystere. 

a) D’ici Tan 2000 aucunc source nouvcllc d’<5nergic nc pourra intervenir de fagon sig- 
nificative. 

b) Lcs deux grandcs avcnturcs techniques cn cours dc ddveloppemcnt aujourd’hui dans 
Ic domainc dc rdnergic, sont indiscutablemcnt lcs surregenerateurs et les reacteurs a 
haute temperature dits HTR. Mais Icurs succcs ou lours dchecs n’auront pas une 
influence decisive sur lc deroulcmcnt dc la periode qui nous separe de Tan 2000, 

c) L’evolution dcs maurs ou lcs mcsurcs autoritaircs qui seront peut etre prises par 
certains ctats cn maticrc dc controlc dcs naissances ne peuvent mathdmatiquement 
pas modifier sdricusement lc niveau dc la population cn Tan 2000. 

d) Dans lc mondc occidental, tout au moins, les rcssources naturelles (charbon, gaz 
naturcl, fuel oil . . .), avee notre taux de croissance actuel sc rapprochent lentement de 
Icur fin. Dc plus, lcs problcmcs d’environnement rendent chaque jour leur utilisation 
dc plus cn plus difficile. Lcs hautes tencurs cn soufre, surtout cn combinaison avec 
I’ozonc et lcs oxydes d’azotc, apparaissent dcsormais insupportables. La pollution par 
les automobiles ou lcs avions fait Tobjet dc violentcs attaques ct il ne faut pas compter 
sur un rctour cn arricrc important de I’opinion publique. Chacun ou presque s’accorde 
a sonner pour Tan 2000 lc glas dcs combustibles fossiles. Leur disparition totale 
parait peu probable, unc diminution considerable dc leur role par centre est tres 
souhaitable, 

c) Nous connaissons, surtout depuis 1968, sur ces problemes un bouillonnement extra- 
ordinaire d’idccs: contestation dc notre civilisation technique, discussion sur le taux 
de croissance industrielle, prise de conscience tres vive des problemes d’environnement 
et de qualite de la vie, industrialisation des pays en cours de developpement. Les 
consdquences de tout ccla sur Tan 2000 commencent, grace a la crise actuelle, a 
apparaitre plus clairement. 

Nous avons pris, h litre d’hypothese raoyenne, les donnees suivantes pour caracteriser 
I’approche de Fan 2000: 

a) Un taux de croissance economique modere, mais correspondant a un developpement 
industriel important du tiers monde, d’oii une consommation mondiale d’energie en 
2000, trois a cinq fois plus forte que le niveau actuel. 
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b) Un grand respect de I’environnement par une recherche continuelle des conditions de 
son amelioration. On a parle de croissance zero de la pollution, c’est desirable, ce 
n’est peut etre pas possible. 

c) Une attention de plus en plus grande apportee ^ une bonne solution des problemes 
d’autarcie, c’est a dire une certaine independance dans les ressources energetiques d’un 
pays determine. 

Nos hypotheses sont tres larges et ecartent toutes discussions de chiffres. Au parametre 
ressources a prix convenable, seul facteur autrefois en jeu, nous en ajouterons deux nouveaux 
aussi importants: environnement et autarcie. 

En consequence de ces trois hypotheses, I’electricite pourra en Tan 2000 assurer 40 ^ 
50% des besoins d’energie totale, le nucleaire prenant la plus grande part possible de la 
production d’electricite, 80% par exemple. De plus le phenomene extraordinaire de la 
surregeneration commencera, a partir de 2000, a peser de plus en plus; aussi dans les 
premieres ddcennies du XXI* siecle, la production nucleaire jouira d’une autarcie k peu 
pres totale, le combustible nucleaire devenant un sous-produit de la production d’electricit6. 

S’il en est bien ainsi, les problemes de ressources et d’autareie seront reportes sur la 
partie de la consommation d’dnergie couverte aujourd’hui par les hydrocarbures. L’elec- 
tricite pourra peut-etre en prendre une part progressivement, mais un envahissement brutal 
et total est evidemment impossible. 

Si on ccarte le retour au charbon, comme cela semble probable sauf peut-6tre aux USA 
et en Pologne, la principale solution en vue est dans I’utilisation de la filiere nucleaire des 
r^acteurs a haute temperature dite HTR permettant une production en masse d’hydrogene 
k partir de I’eau; car de nombreux d^bouchfe inaccessibles ou tres difficilement accessibles 
aujourd’hui k I’electricite pourraient alors ressortir directement du nucleaire h travers 
I’hydrogcne. 

Toute une structure energetique nouvelle pourrait ainsi se creer grace aux propriet^s 
cxccptionnelles de I’hydrogene en matiere de transport, de stockage et i son absence de 
pollution a I’utilisation, au moins en principe. 

Ainsi, surregeneration et hydrogene seraient, grace aux reacteurs nucleaires, les deux 
notions clefs capables de transformer les premieres d^cennies du XXI* siecle. En cas de 
r^ussite, les problemes de ressources et d’autarcie seraient pratiquement resolus. Cette 
solution “tout nucleaire” parait ainsi la mieux adapt6e aux problemes du prochain siecle. 
Mais en ctudiant scs proprietes vis a vis de I’environnement, nous trouverons les limites de 
son extension, la nature profonde de I’homme ne pouvant, k notre avis, supporter les 
tcntations trop fortes qu’elle lui apportera. 

Pour cctte raison, mais aussi parce que que des tehees ou deS retards sont possibles (un 
grave accident nucleaire cntralnerait sans doute un effet de rejet temporaire du nucleaire par 
I’opinion publique), le recours h des sources nouvelles apparait necessaire. 

Nous passerons done en revue dans un chapitre intituld “Solutions lointaines” les divers 
flux naturels d’dnergie qui nous entourent ct que nous pouvons songer i capter. Trois 
sculemcnt nous apparaitront capables de jouer un role massif k I’dchelle mondiale: dnergie 
solairc, cnergie geothermique, fusion nucldaire. On a dcrit souvent que les quantitds d’dnergie 
correspondantes sont illimitdcs ct que leurs proprietds autarciques sont excellentes. Ccci 
mdritc en tout cas d’etre examine. 

Mais auparavant, dans le deuxidme chapitre, nous aurons retenu certaincs autres sources 
dtija prctcs ou presque, mais dont I’influencc sera surtout locale. Nous pensons par exemple 
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aux marcmotriccs pour la France. Nous aurons aussi a examiner certaines techniques 
avancccs de conversion, stockage, transport qui peuvent intervenir dans tons les cas pour 
faciliter I’exploitation, 

Toutcs Ics solutions, quelles qu’elles soient, posent des problemes climatologiques et cela 
fixera dcs limites ^ leur utilisation, done h la production d’energie, done k la croissance 
industrielle. Ccci fera I’objet dc notre dernier chapitre. 


PREMIER CHAPITRE: TOUT NUCLEAIRE 

“Tout nucldairc” nc doit pas ctre confondu avec le slogan actuel d’EdF “tout nucleaire, 
tout ilectriquc” car Ic "tout nucleaire” suppose ici I’introduction d’un nouveau vecteur 
d’energic h cotd de I’dlectricitd: I’hydrogene. Trois domaines doivent done etre evoques: la 
surrcgdndration, les reacteurs k haute tempdrature, I’hydrogdne, 

La probabilitd dc resoudre avant Pan 2000 les problemes poses est grande, car pour les 
trois domaines: 

a) il y a ddj^ aujourd’hui des structures industrielles puissantes d’dtudes, de ddveloppe- 
ment, puis d’accueil; 

b) les probldmcs paraissent tous rccenses, sinon rdsolus; 

c) on pent fixer raisonnablement des ddlais d’introduction industrielle; 

d) on connait bien leurs attcintes k I’environnemcnt. 

Pour les “solutions lointaines”, e’est tres exactement le contraire sur ces quatre points. 


I. Surrdgdndration 

C’cst un phdnomene extraordinaire qui, k lui seul, apportera une mutation rdvolution- 
naire dcs problemes dnergdtiques. Grace h lui on pent envisager de transformer presque tout 
Turamum fertile cn dnergie et ainsi multiplier le rendement actuel par cent ou presque. Les 
reserves mondiales actuellement connues representeront par ce seul fait cent fois plus 
d’energie que maintenant, ceci est ddjl extraordinaire; mais de plus on pourra exploiter des 
minerais a teneur beaucoup plus faible, d’oh des ressources pratiquement illimitdes suppri- 
mant pour longtemps toutc controverse sur les reserves en uranium. 

Aujourd’hui, ce type de rdacteur est proche de la realisation industrielle, le prototype 
fran^ais a tres bien ddbutd. II est done tres probable que la matiere fissile, source premiere 
de I’energie nucleaire, deviendra pour un certain faux de croissance de la production un 
sous-produit de I’activite industrielle, la regeneration des matieres fissiles par la surregenera- 
tion annulant pratiquement tout approvisionnement extdrieur en matieres premieres. On 
ne saurait imaginer solution plus etonnante et plus parfaite des problemes de ressources et 
d’autarcie. 


IL Reacteurs a haute temperature (HTR) 

C’est la seule filiere nucleaire qui permette la production de chaleur a haute temperature 
comme fiuide de refroidissement d’un gaz chimiquement inerte, I’helium. EUe existe sous 
deux versions: aux USA avec I’activite atomique de deux societes petrolieres amies (Gulf 
et Royal Dutch) ; en Allemagne avec un groupe d’industriels soutenus par I’Etat. En France, 
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divers accords lient avec la Gulf, I’lndustrie, le CEA et le Gaz de France. Les AUemands ont 
atteint en fevrier 1974 une temperature de I’helium a la sortie de 950°. 

Un reacteur industriel le THTR (Thorium High Temperature Reacteur), de 300 MWe 
est en cours de construction. Le gaz sortira a 750° environ, mais une precede a I’etude, le 
precede OTTO, avec un seul parcours de combustible dans le coeur, fait esperer 100 a 
200°C de plus. Enfin, en 1973, un agrement a ete signe entre I’Euratom, I’Universite Tech- 
nique d’Aix-la-ChapeUe et le Centre de Recherches de Jfllich pour I’etude des rapports 
entre la filiere HTR et la production d’hydrogene par dissociation thermochimique. 

On doit par centre noter que les USA continuent d’etudier, comme suite au HTR en 
cours de large realisation commerciale, un HTR 2 ou, a I’interieur meme du reacteur par 
reformage du CH 4 par la vapeur, on obtiendrait un melange de CO et H 2 . Leurs gisements 
de charbon a bon marche et leurs enormes efforts sur la gazeification et la liquefaction du 
charbon les ecartent en fait, malgre les sollicitations des universitaires, de ce grand mouve- 
ment d’enthousiasme qui, en Europe et au Japon, se dirige vers I’hydrogene. En face de la 
strategie “Nucleaire-Hydrogene”, ils construiraient volontiers celle “Charbon-Combustible 
synthetique”, methanol par exemple. 


m. L’hydrogene vecteur d’energie 

Nous avons esquisse, en definissant la solution “tout nucleaire”, une economie de 
I’energie avec deux structures d’accueil paralleles: I’electricite et I’hydrogene, ce dernier 
produit a bon marche en grande masse grace a la chaleur nucleaire a partir de I’eau. Son 
introduction pourrait etre progressive, car les installations actuelles de transport, de 
stockage, de distribution peuvent utiliser dw aujourd’hxii, sans aucune modification, 10 a 
15% d’hydrogene. Son transport massif ressemblerait au transport actuel du gaz naturel et 
ne pose aucun probleme; il y a deja un reseau en AUemagne Federate de 300 km de longueur. 
II serait de cinq a dix fois moins cher que celui de I’electricite. Le stockage par reservoirs 
souterrains de plusieurs milliards de metres cubes se ferait en utilisant des gisements de gaz 
naturel actueUement epuises. 

La diversite des usages de I’hydrogene est extraordinaire. Rien ou presque ne lui echappe. 
Ses usages comme reducteur en siderurgie ou en chimie sont bien connus. Des aujourd’hui 
20 mini ons de tonnes sont consommees dans le monde. 

M. GREGORY, de I’lnstitute of Gas Technology (USA), institution tr^ venerable, 
pense a un delai de vingt ans avant la mise au point industrielle. C’est tres suffisant, mais il 
ne faut plus perdre de temps et la France doit coordonner ses eflforts actueUement un peu 
disperses. 


rv. Les problemes d’environnement 

Cette solution “tout nucleaire” est presque parfaite en ce qui conceme les problemes de 
ressources et d’autarcie. EUe peut evidemment echouer ou reussir pour des raisons techniques 
et economiques, d’oh la necessite de “solutions lointaines”, mais en cas de succes le grand 
probleme est de connaitre les limites que pourrait lui iinposer I’environnement. Nous ne 
visons pas ici les problemes climatologiques car ils sont communs a toutes les solutions. 
Nous ne visons pas non plus les dangers de radioactivite dans fair ou par les effluents, car 
ils ne sont pas serieux. Certes personne ne peut garantir qu’il n’y aura pas un jour un 



SOURCES ET TECHNIQUES NOUVELLES BN MATIERE D’ENERGIE 


7 


accident nucldaire et il faut etre bien conscient des consequences, mais Thomme vit depuis 
Adam et Eve dans le danger et celui-lk nous parait beaucoup moins probable et beaucoup 
plus faible que les divers “actes de Dieu”: tremblements de terre, raz de maree, typhons, 
etc. Le probicme reel est dans la proliferation eventuelle du nucHaire car, comme Tecrivait 
Alfven, prix Nobel de physique 1970, dans une communication & la deuxieme conference de 
Pugwash (automne 1973), “un ou plusieurs r^acteurs soigneusement controles ne peuvent 
6tre une menace dcologique sdrieuse, mais s’ils se r6pandent de fagon quasi illimitee tout 
change”. 

II nes’agit pas l^d’une simple multiplication, meme par un grand nombrede petits risques, 
mais d’un veritable risque nouveau dO i la nature profonde de Phomme. 

Le plutonium est un poison, meme pour un millieme de milligramme, or I’ensemble des 
surrdgdnerateurs d’un pays comme la France dans une solution ‘‘tout nucleaire” mettra 
des tonnes cn jeu par an. Toutes les precautions possibles seront certainement prises 
dans les processus de rdcuperation ou dans les accidents inevitables de transports, mais 
que ne peut-on pas imaginer dans notre monde oh la violence sera de plus en plus une 
tentation? 

L’homme est-il capable de se dominer quand il a le pouvoir au bout du geste? Tous les 
problcraes de stockage, preparation du combustible, retraitement, en changeant d’ordre de 
grandeur changeront done de nature. 

De meme en matiere de dcchets, les precautions k prendre devront etre poursuivies pent 
6tre pendant des milliers d’annees, or Thomrae ne s’est jamais trouv6 devant des respon- 
sabilites d’une telle durec et personne ne peut dire aujourd’hui comment il les assumera. 
Certes il y a I’espoir de transformer les dechets en produits k vie plus courte par des traite- 
ments radioactifs et il faudrait certainement en pousser I’^tude plus energiquement que cela 
a ete fait jusqu’ici. 

La solution ‘‘tout nucleaire” suppose des humains polices, disciplines, heureux de leur 
sort, etc. Ceci est impossible, aussi son extension aura une limite due k la natxrre de Thomme 
et nous ne la connaissons pas, Aujourd’hui nous en sommes tres loin! 


DEUXIEME CHAPITRE: TECHNIQUES ET SOURCES SECONDAIRES 

Il s’agit de sources d’energie dejh mfires techniquement et capable de jouer des aujourd’hui, 
localement, un role int^ressant: 6nergie maremotrice en premier lieu, peut-etre I’^nergie 
thermique des mers ou celle des vents, celle de la houle appraissant pour le moment in- 
utiUsable. 

Il faut citer aussi certaines filieres de r^acteurs non exploit^es qui pourraient, dans 
certains cas favorables, trouver un d^bouche par leur interet pour I’environnement, mais 
qui se heurteront pour la plupart k I’impossibilite de r6unir les sommes immenses qu’exige 
toujours toute recherche nucMaire (sels fondus, eau lourde refroidieparunUquideorganique, 
sodium, graphite-gaz, etc.). 

II ne faut pas n^gliger les techniques nouvelles de conversion, transport et stockage. On 
saura dans quelques ann&s au plus si les efforts actuels en matihre de piles industrielles a 
combustible a grande puissance (26 MWe) seront couronnes de succes, car les electriciens 
des USA viennent de decider de quadrupler leurs efforts actuels. 

L’usage de cycles de tete couples avec des sources d’energie primaire a haute temperature 
(1000° et au dessus) pourrait diminuer de moitifi les rejets thermiques ce qui parait capital. 
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Certaines mdthodes nouvelles de stockage par changeraent de phase peuvent aussi etre 
utilisees avec profit. 

II ne faut pas oublier enfin les explosions nucleaires pacifiques en cours d’introduction 
industrielle. 


TROISIEME CHAPITRE: LES SOLUTIONS LOINTAINES 

II ne faut pas compter sur les flux d’dnergie qui nous entourent (6nergie solaire mise a 
part) car lorsqu’on calcule leur importance on trouve que leur puissance I’dchelle de la 
terre est du meme ordre de grandeur que celle transformde aujourd’hui par I’homme pour 
son propre usage I’aide des combustibles fossiles, soit quelques milliards de kilowatts. 

Nous avons ainsi passe un jour en revue les cyclones, la foudre, les tremblements de terre, 
les eruptions volcaniques, le flux de chaleur provenant par conduction des couches profondes 
de la terre, etc. Leur utilisation demanderait un effort tcchnologique sans doute bien 
sup6rieur a celui que I’homme vient de faire pour I’atome et soulagerait peu ses problemes. 

Pour I’essentiel, il reste les trois grandes sources connues aujourd’hui: energie solaire, 
energie geothermique, fusion nucleaire. 


QUATRIEME CHAPITRE: PROBLEMES CLIMATOLOGIQUES 

L’action sur le climat des rejets thermiques a fait I’objet depuis quelques annees d’etudes 
globales de plus en plus approfondies sans qu’aucun resultat precis ait pu etre atteint. Le 
sujet est tres difficile car de nombreuses contre-reactions interviennent et les climats sont 
sans doute par nature instables sans que I’intervention de I’homme soit necessaire. 

On est aujourd’hui a peu pres d’accord sur le fait qu’a I’echelle mondiale il n’y a rien a 
craindre d’ici longtemps, probablement plus de cent ans. Mais I’influence eventuelle sur les 
micro-climats des rejets thermiques locaux apparait beaucoup plus grave et constitue a 
notre avis le probleme essentiel pose par la croissance economique. 

Les grandes options en matiere energetique du XXP siecle sont claires. Surregeneration 
et hydrogene permettront sans doute de construire pour I’an 2000 une solution “tout 
nucleaire” resolvant les problemes de ressources et d’autarcie et nous delivrant du joug des 
combustibles fossiles. En cas de retard ou d’echec, des “solutions lointaines”: energie 
solaire, energie geothermique, fusion nucleaire surtout devraient, si nous faisons un effort 
suffisant, etre pretes a prendre la releve pour une duree presque illimitee. 

Mais les difiicultes a surmonter ne sont pas minces. 

— D’abord des problemes techniques, il ne s’agit pas de simple substitution d’un com- 
bustible a I’autre; rappelons-nous la surregeneration, phenomene extraordinaire qui 
va faire du combustible nucleaire un simple sous-produit de I’activite industrielle; 
I’hydrogene nouveau vecteur energetique tire simplement de I’eau et s’introduisant 
peu a peu en parallele avec I’electricite qui modifiera de ce fait toute notre vie domes- 
tique et toutes les structures industrielles; la fusion nucleaire qui exigera de porter la 
matiere a cent millions de degres et oh les processus industriels correspondants seront 
formes de micro-explosions de duree inferieure au milliardieme de seconde. 

— Ensuite des problemes humains. Certes, ces techniques nouvelles attenuent parfois 
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considerablement les defauts des centrales actuelles vis-a-vis de I’environnement, 
pollution de I’air et de I’eau; elles sont done dans le sens de ce que reclame aujourd’hui 
rhomme. Mais celui-ci a reporte sur I’dnergie nucleaire sa terreur de la bombe et ne 
se degage que lentement de ses phantasmes. Un accident les raviverait et creerait 
certainement des situations de rejets ralentissant la solution “tout nucleaire”. In- 
dependamment de cela, la proliferation iUimitee des reacteurs nucleaires creera des 
risques d’un type tout nouveau; la plus petite parcelle de plutonium est un poison 
mortel, la surregeneration en mettra en jeu par an des tonnes reparties dans des 
centaines de sites, circulant sur les routes et les voies ferrees. Que ne peut-on craindre 
dans un monde ob la violence continue a regner en maitre? Autre probleme, la con- 
servation des deebets devra etre assuree pendant des centaines, peut-etre des miUiers 
d’annees, Thomme n’a jamais raisonne sur de telles durees. Peut-il en prendre la 
responsabilite? Une certaine limite interviendra pour la solution “tout nucleaire” 
entrainant le passage aux “solutions lointaines”. 

— E n fin des problemes de climatologie, la terre devenant peu k peu a Techelle de Thomme. 
Les problemes de micro-climats apporteront pour toutes les solutions energetiques, 
quelles qu’elles soient, une limite k la puissance installee sur un site et j&xeront ainsi 
un maximum k notre croissance economique. S’il nous parait difficile, comme a tous 
les ingenieurs, de croire qu’une croissance economique raisonnable puisse etre stoppee 
par epuisement des matieres premieres ou ensevelissement sous la pollution, nous 
continuons a croire, peut-etre naivement, a la puissance des sciences et techniques 
pour resoudre les problemes, Mais Thomme arrive indiscutablement aujourd’hui au 
moment oh, pour les problemes energetiques dans certains lieux, il depasse la nature. 
Pour la premiere fois, il rencontre un obstacle dont il ne sait pas s’il pourra un jour 
le contoumer ou I’abattre. 

Il nous faut, avant de terminer, faire la reserve d’usage. D’ici a trente ans des decouvertes 
absolument imprevues feront certainement irruption et nous n’en avons pas tenu compte, 
ce qui semble rendre parfaitement inutile tout cet expose. Chacun sait que les echanges 
d’energie dans le monde stellaire sont prodigieux. Par exemple, pour certains astronomes 
en une seconde un “quasar” emet autant d’energie que I’homme pourra en consommer au 
rythme actuel pendant des milliards d’annees. 

Ceci est vrai, mais il est aussi vrai qu’avec I’inertie extraordinaire des problemes ener- 
getiques, les decouvertes de fin de siecle n’influenceront que peu les premieres decennies du 
XXI' siecle. 
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II y a pen encore, la plupart des experts s’accordaient pour estimer que la consommation. 
d’energie du monde a la fin de ce siecle pourrait etre de I’ordre de 20 milliards de tonnes 
d’equivalent petrole, quatre fois celle de 1970. Mais depuis trois ans le secteur de I’energie 
a connu diverses secousses: I’alerte aux atteintes a I’environnement (cf. les mouvements aux 
Etats-Unis et au Japon), la denonciation du pillage des ressources fossiles non renouvclables 
(cf. le rapport au club de Rome), la derniere crise petroliere et le quadruplement des prix du 
brut qui en resulte; ces secousses conduisent-elles k remettre en cause les perspectives a long 
terme de consommation d’energie? II ne le semble pas. 

— les atteintes a I’environnement que I’on peut craindre d’une consommation accrue et 
du developpement du nucleaire, semblent pouvoir Stre maitrisees et contenues a 
un niveau acceptable au prix de recberches technologiques, d’adaptations des systemes 
de production et d’un coflt economique a la fois supportable et de mieux en mieux 
accepte, 

— le developpement des energies nucleates et de leurs vecteurs, electricite et hydrogene, 
et I’ampleur des reserves fossiles, notamment en charbon, suffisent a montrer qu’il n’y 
a pas de risque d’insuffisance physique de ressources energetiques pour Thumanite, 

— le releveraent des prix des energies fossiles ne fait qu’anticiper, avec quelques exces, 
sur une evolution economique qui etait en tout etat de cause ineluctable a terme plus 
eloigne, lorsqu’il serait apparu indispensable de developper des ressources de sub- 
stitution a celles, supercompetitives, auxquelles le monde a eu recours depuis 20 ans. 
L’anticipation dans le developpement des ressources de substitution qui en resultera 
ira d’ailleurs dans le sens d’une garantie accrue a I’egard de tout risque de penurie. 

— enfin, revolution des ressources avec le remplacement des energies fossiles par 
le nucleaire, la geothermic, le solaire, annonce un retour progressif vers une plus 
grande independance energetique des etats et une relative autarcie des grandes 
regions geographiques. 

Si les peripeties energetiques actuelles ne modifient pas radicalement les perspectives k 
tres long terme, en cofit conune en disponibilite, comment se fait-il que se degage une ten- 
dance a reduire ces previsions de consommation. Sans doute le cheminement d’ici 2000 
va-t-il se trouver transforme, surtout a court et moyen terme, par les nouvelles donnees de 
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reconomie energetique, dans le sens d’une anticipation et la situation 2000 s’en trouvera 
bien entendu modifiee; mais I’explication ne suffit pas, 

II apparait surtout que Ton prend plus clairement conscience d’une serie de facteurs qui, 
pour la plupart, devraient jouer dans le sens d’une reduction de la croissance des besoins en 
energie, du moins dans les pays industrialises qui aujourd’hui representent 85% de la 
consommation mondiale d’^nergie. 

Le quadruplement de la demande entre 1970 et 2000 representait une extrapolation des 
tendances observees depuis 25 ans: le doublement en 15 ans: ce n’est pas 1^ une loi de 
la nature. Au debut du siecle, il a fallu 25 ans, de 1900 a 1925, pour voir doubler la con- 
sommation mondiale et celle-ci n’a guere augmente entre 1929 et 1945. Quelle est la bonne 
tendance pour ce dernier quart de siecle? 

Parmi les facteurs susceptibles d’inflechir la croissance energetique, trois sont a souligner: 

— revolution des coOts de I’energie 

— la saturation de certains besoins 

— la croissance economique des prochaines decennies. 


1. L’EVOLUTION DES GOUTS DE L’ENERGIE 

De 1950 a 1970 et plus specialement dans les annees 60, les coQts de l’6nergie ont r6guliere- 
ment diminue, en monnaie constante: en France de 1960 a 1970, ils ont baisse de 30 a 40% 
pour les hydrocarbures, 

Comme il a ete indique anterieurement, les prix actuels sont certainement plus represen- 
tatifs de I’economie energetique a long terme qu’ils anticipent. Le pare des appareils et des 
precedes utilisant I’energie se trouve ainsi p6rt6, brutalement, tres loin de son optimum 
economique, qu’il faudra des annees, sinon des decennies pour retrouver mais qui induira, 
pour une meme production ou une meme satisfaction, des quantites d’6nergie bien moindres. 
Pour prendre I’exemple de chauffage des logements, les normes d’isolation correspondant 
au nouvel optimum economique, et qui ont ete rendues obligatoires en France pour les 
constructions neuves, conduisent, a conditions de confort 6gales, sinon accrues sur le plan 
phonique et de la regulation, a des consommations d’energie reduites de pres de moitie 
par rapport aux errements anterieurs; mais il faudra des decennies pour renouveler tout le 
pare; moitie des logements qui seront occupes en 2000 sont deja construits. 

Ce qui est vrai du chauffage des logements et plus generalement de tous les locaux. Test 
certes aussi de la plupart des installations industrielles. Cette constatation et I’ampleur de la 
plage dans laquelle pent varier I’apport d’energie pour un effet donne ne font d’ailleurs que 
traduire la part extraordinairement faible de I’energie qui est eflfectivement consommee, 
e’est-a-dire transformee: ainsi du chauffage oil cette part est nulle, oh I’energie ne sert qu’a 
maintenir un etat donne de temperature, en alimentant des pertes thermiques; de meme 
de I’energie mecanique qui pour une large part sert a faire travailler des forces de frottement 
pour produires de la chaleur. 

L’arbitrage a faire dans chaque cas est economique, le nouvel optimum ne sera atteint 
que dans des decennies, mais il pourrait bien correspondre a des consommations plus 
faibles d’un tiers, voire davantage, h ce qu’elles auraient ete aux cohts de I’energie de 
1970. 

Ce qui importe aujourd’hui e’est de se rapprocher le plus rapidement possible de cet 
optimum, e’est bien le principe des campagnes centre “le gaspillage”, pour les economies 
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d’energie, pour la conservation de I’energie, qui sont entreprises dans nos pays, et dont 
I’effet sera un infldchissement sensible et durable i moyen terme des taux de croissance des 
besoins, difficile d’ailleurs estimer; on peut noter seulement que —30% d’ici 2000 corres- 
pond i une reduction de 1,5% du taux de croissance moyen d’ici 2000. 


2. LA SATURATION DE CERTAINS BESOINS 

Lcs econoraistes relient souvent la croissance des besoins d’^nergie k des grandeurs 
economiques comrae Ic PNB, la PIB, la valeur ajoutee industrielle, selon des formules plus 
ou moins simples et qui font apparaitre des elasticites gen6ralement proches de I’unite; ce 
qui n’est pas critiquable des lors que Ton admet que cette elasticity n’a pas de raison de 
demeurer constante. 

Lorsqu’on analyse la croissance des consommations finales d’energie en France entre 
1960 et 1970, on constate que: 

— le total a cru de 95%, mais 

— le secteur domestique a augmenty sa consommation de 150% 

— les transports de 120% 

— et I’industrie seulement de 55%. 

C’est done la demande des menages, et du tertiaire, qui a yty la plus dynamique dans la 
croissance ynergelique. Rysultat en premier lieu d’un yquipement intensif et rapide des 
logements neufs et anciens en moyens de chauffage et d’un relevement des tempyratures 
intyrieures; au recensement de 1954, 10% des logements fran^ais avaient un chauffage 
central, plus de 50% aujourd’hui; m6me si Ton est encore loin du terme, moitie du chemin a 
yty fait, un ralentissement est probable k court terme, la saturation certaine avant Pan 2000. 
On pourrait tenir le merae langage k propos de Pyquipement du foyer en appareils gros 
consommateurs d’ynergie, c’est-a*dire de chaleur: production d’eau chaude, machines a 
laver. II n’est guere que la climatisation qui puisse prendre la releve. 

Autre secteur de pointe celui des transports, dans lequel la route reprysente les 2/3 de la 
consommation, 1^ aussi le ralentissement apparait certain a terme proche, des lors que la 
proportion des mynages yquipes de vyhicules automobiles est passe de 30% en 1960 a pres 
de 70% aujourd’hui et que I’exemple des USA indique que la saturation se situe aux alen- 
tours de 90%. 

Une croissance des besoins en ynergie des menages vers I’an 2000 a peine supyrieure a 
celle de la population comme c’est deja le cas pour les besoins alimentaires, n’est nullement 
invraisemblable. 

Quant k I’industrie il suffira de noter que I’yiasticity ynergie/production a ety de I’ordre de 
0,6 sur cette periode. 


3. LA CROISSANCE ECONOMIQUE 

Depuis 20 ans la croissance des besoins d’ynergie a ete le corollaire d’une croissance de 
ryconomie, et des niveaux de vie, extremement rapide dans les pays industrialisys. 

II n’est pas evident, sans mSme faire I’hypothese d’une ryvolution dans I’attitude a I’egard 
de la croissance, du style de croissance zero, que ceUe-ci puisse se poursuivre au mSme 
rythme. Elle a, en effet, etk soutenue par une croissance forte et reguliere de la productivity 
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du travail, superieure a la tendance seculaire, par des arbitrages plus favorables a Taugmeh- 
tation de la consommation qu’a la reduction des temps de travail, par une croissance de la 
population active notamment non agricole qui semble devoir a terme se ralentir. Quelques 
esquisses faites a horizon 1990 pour la France, prenant en compte la seule incidence de 
revolution des facteurs de production, montrent que la taux annuel de croissance pourrait 
alors avoir diminue de 0,5 a 1,5 point. 

En outre, le type actuel de Croissance, dont le moteur est le developpement industriel, 
ou la consommation de biens materiels, est par lui-meme tres incitateur a la consommation 
d’energie. II est vraisemblable que cette croissance, supposee se poursuivre, fera une 
place de plus en plus large a des activites exigeant un faible substrat materiel (prestations 
de service, machines a information etc. . . .) et ayant done un plus faible contenu 
6nergetique. 

Enfin, la croissance de la demande de transports ne se trouvera-t-elle pas freinee par le 
developpement de moyens de teleinformation, videophone, teleconference et par celui des 
transports en commun? Ceci pose, d’une fagon plus generale, la question des modes de vie 
qui prevaudront au debut du XXI* siMe et de leurs consequences sur la consom m ation 
d’energie. 

En bref, il apparait que, dans les pays industrialises, le relevement des prix de I’energie, 
la saturation progressive de certains besoins, une croissance moins rapide et plus orientee 
vers des activites tertiaires, devraient se conjuguer pour reduire dans de fortes proportions, 
et de fafon durable, la croissance des besoins en energie; a fortiori, si survenait dans ce 
dernier quart de siecle des crises economiques ou politiques ou s’il connaissait la remise en 
cause radicale, que reclament certains, de la croissance. 

Meme si Ton exclut ces dernikes eventualites, explorant un scenario “sans surprise”, il 
n’en demeure pas moins impossible de quantifier ce que pourrait 8tre la consommation 
energetique de I’an 2000 des pays developpes. Qu’il s’agisse d’elasticite de la demande aux 
prix, de niveaux de saturation des besoins, de relation entre croissance et besoins d’energie, 
la science economique ne nous apporte guere, helas!, ni modes d’analyse, ni instruments de 
prevision fiables. A sa decharge la qualite insuflfeante des statistiques economiques ou 
energetiques. 

Aussi dire que en fin de siecle cette consommation ne sera guere plus du double de la 
consommation actuelle, releve moins de la prevision que de I’intuition. 

Mais cette analyse ne vaut que pour les pays industrialises. Saturation des besoins, 
ralentissement structurel de la croissance sont des mecanismes qui ne joueront pas d’ici le 
debut du XXI* siecle, dans les pays en voie de developpement. 

Sans doute ces pays ne representent-ils aujourd’hui qu’une part faible de la consommation 
mondiale d’energie quel que 15%. Par centre, il n’est pas exclu que des le debut du XXI* 
siecle ils occupent une place determinante dans I’economie energetique, non plus seulement 
comme producteurs, mais comme consommateurs. 

A titre d’illustration (ce n’est pas une prevision), supposons que se poursuive la croissance 
des besoins en energie de ces pays au meme rythme que pendant la decerinie 60; en 2000 ils 
pourraient representer pres de 40% de la consommation mondiale d’energie et quelque 
60% de son augmentation. Et pourtant leur consommation par tete n’atteindrait pas la 
moitie de cellc de I’Europeen d’aujourd’hui, 

Mais ceci n’est qu’une image, peut etre trop optimiste, car I’incertitude essentielle tient 
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dans le rythme et le type de developpement economique que connaitront ces pays an cours 
des prochaines decennies. 

II faudrait enfin evoquer le problerae des formes sous lesquelles Tenergie sera consommee 
au debut du XXI* siecle, c’est-a-dire des vecteurs energetiques eux-memes lies aux energies 
primaires qui seront alors mobilisees. La situation sera alors sans doute profondement 
differente. Qu’il suffise de dire que le ddveloppement du nucleaire implique certaineraent une 
forte penetration de Telectricite dont la place dans la consommation, de moins de 25% 
aujourd’hui, pourrait depasser alors 50%, et egalement, mais a terme plus eloigne, I’intro- 
duction du vecteur hydrogene. 

Si le XXP siecle est celui du nucleaire, il sera sans doute, a la consommation, celui de 
I’electricite et de I’hydrogene. 

On pourra s’etonner de ce que cet expose se soit limite a une approche exclusivement 
e'conomique, que Ton ait cherche a definir une consommation d’energie comme resultat 
d’une demande s’exprimant en economic de marche, done en fonction des prix, mais sans 
autre contrainte quantitative. 

II ne pouvait en etre autrement des lors que Ton admettait qu’il n’y a pas risque de penurie 
et que les effets sur I’environneraent pourront etre maitrises. S’il en est bien ainsi, la crise 
energetique n’oblige pas, par elle-meme, k une remise en cause de nos modeles de developpe- 
ment. D’autres preoccupations, politiques, morales, ideologiques, y obligeront peut-etre; 
elles sont d’une autre nature; pourtant peut-etre la crise de I’energie aura-t-elle aide a en 
prendre conscience. 


SUMMARY 

If there does not seem to be any reason to fear a shortage of energy in the long term, 
if the impact of energy production on environment may be mastered, if the recent price 
rise is nothing but the anticipation of an unavoidable trend, it still remains that several 
factors work towards a slowing down of the rate of increase of demand. 

— higher energy prices urge to search for processes with lower energy costs 

— the household needs, especially in petrol and for heating, are nearing saturation levels 

— economic growth should gradually slow dowTi leaving at the same time priority to 
activities consuming less raw materials and less energy 

The effect of these various factors is hard to put in figure, yet a doubling of energy needs 
between 1975 and 2000 does not appear unreafistic. 
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Depuis les civilisations les plus rcculccs Thomme a toujours accorde une importance par- 
ticuliere a I’energic. II a commence par lui attribucr une puissance divine, se rendant compte 
intuitivement qu’clie ctait h Torigine de la vie ct qu’elle engendrait les transformations de 
son environnement. Aujourd’hui Thomme considcre I’energie comme Tune des premieres 
neccssitcs, une relation ctroite s’est dtablie entre le progres economique et I’energie disponible 
d’un pays, II suffit de comparer la consommation d’dnergie d’un pays par habitant a son 
revenu national brut pour sc convaincre de la veracite de cette Ctroite relation. Le kilowatt 
heure d’dlcctricitc consommd par habitant est devenu une sorte d’unite servant a mesurer la 
prosp6ritd nationale e’est aussi un indicateur de developpement. II convient surtout de 
souligner que la majoritd de la population raondiale n’a pas encore d’electricite; a litre 
d’cxempic choisissons le cas de I’Asie oh vit pres de la moitie de la population du globe, la 
production d’elcctricitc sur cc continent ne represente que le dixieme de la production 
mondiale. 

Examinons encore quelques chiffres se rapportant a la situation dnergetique dans le 
monde pour I’annec 1970. Nous enregistrons que I’dnergie produite dans le monde entier est 
de I’ordre de 50 billions de kilowatt heure de chaleur, il convient d’ajouter tout de suite que 
les pays cn voie de ddvcioppement ont consomme moins de 15% de ce total, Cependant on 
prdvoit que pour ces pays la consommation augmentera a un taux beaucoup plus rapide que 
celui du produit national brut, En efiet, si on se base sur le rapport de 1,6 pour I’dlasticitd 
de la demande en dnergie par habitant par rapport au revenu, il apparaitra alors que le total 
des besoins en dnergie pour les pays en voie de developpement s’accroitra au rythme d’environ 
8,4% par an si le produit national brut augmente de 6% en moyenne; ceci en se pla 9 ant dans 
I’hypothese d’un taux de croissance de la population de 2% par an pour les pays en voie 
de ddveloppement. Ces chiffres servent de base pour la plupart des dtudes elfectudes par les 
organismes des Nations Unies, 

La consommation mondiale pour I’dnergie dlectrique est dvalude a 4900 millions kWh dont 
12% reviennent aux pays en voie de ddveloppement; pour cette forme d’dnergie le taux 
d’ augmentation annuel est de I’ordre de 8%, 

A partir de ces donndes des prdvisions a long terme laissent supposer que la consommation 
d’dnergie apres I’an 2000 sera multiplide par un facteur 4 par rapport k celle de 1970. Il 
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semble qui si on tient compte de certaines aradliorations viveraent souhait(5es de la situation 
dconomique et du niveau de vie des pays en voie de developpement ainsi que de I’augmen- 
tation de la population mondiale la consomraation mondiale sera multipliee par un facteur 
egal a 5 au moins pour apres I’an 2000. 

Ainsi ayant fixe des valeurs aux bornes pour la pdriode 1970-aprcs 2000 les besoins cura- 
ules d’energie pour cette p^riode s’averent appreciables compares aux dvaluations des 
reserves des ressources energdtiques actuellement exploitdes (charbon, gaz, petrole, potentiel 
hydroelectrique, uranium enrichi). II est manifeste que si on veut eviter au monde le risque 
d’une penurie reelle et une atteinte grave i I’environnement une strategic de I’energie doit 
etre definie et elaborde ^ I’dchelon international. 

La mdthode de Taction k entreprendre pent s’inscrire dans le cadre de trois objectifs 
principaux: 

1°) Analyser et dtudier les possibilitds d’amdliorer Tefficacitd des ressources dnergdtiques 
actuelles en veillant i limiter au maximum le gaspillage de prdcieuses ressources 
dnergdtiques non renouvelables. 

2°) Etablir un programme de recherche portant sur Tdtude de nouvelles sources d’dnergie. 

3°) L’dtude de la rentabilitd dconomique de chaque ressource d’dnergie actuelle ou future 
doit necessaireraent tenir compte du facteur environnement. 

Permettez-moi de ddtailler davantage ces trois points. Selon une source amdricaine la 
valeur dnergdtique des ddchets engendrds chaque annde aux Etats-Unis reprdsente Tdquiva- 
lent de 270 millions de barils de combustibles a faible teneur sulfurique. 

La technologic actuelle des transports offre un exemple flagrant de faibles rendements 
dnergdtiques: 15% pour le moteur a combustion interne. 

Les techniques protectives ou isolantes peuvent rdduire considdrablement les besoins 
dnergdtiques des unitds d’habitation etc. 

Les exemples sont nombreux pour lesquels une limitation du gaspillage et j’irisiste sur le 
mot, peut constituer un domaine d’dtude. 

II importe que Topinion publique mondiale ne considere pas les ressources naturelles 
dnergdtiques et plus spdcialement les combustibles fossiles comme indpuisables. Ces pro- 
duits ou plus exactement les reserves de ces produits ne sauraient etre reconstitudes, il 
convient alors de conserver une partie de ses rdserves de petrole, de gaz et de charbon pour 
les besoins de la chimie. 

L’analyse du diagramme du flux d’dnergie nous montre que si pour 1970 la partie de 
Tdnergie perdue apres conversion est du merae ordre de grandeur que Tdnergie utilisde, pour 
1980 la situation serait plus ddficiente dans la mesure oh le rendement a tendance k dimi- 
nuer: c’est la Tune des conclusions des travaux de la commission parlementaire amdricaine 
chargde des questions concernant Tdnergie atomique le “Joint Committee on Atomic Energy”. 

II est done plus que vraisemblable que les hydrocarbures fossiles ne pourront plus 
rdpondre a la demande d’energie apres Tan 2000 et qu’il est urgent de mettre au point un 
vaste programme de recherche portant sur la ddeouverte et Texploitation de nouvelles 
sources d’dnergie qui seront opdrationnelles dans la meilleure hypothese a la fin du XX' 
siecle. 

Quelles peuvent etre ces nouvelles sources? 

Dans le domaine nucldaire deux types de rdacteurs renferment de grandes promesses pour 
Tavenir et pourraient constituer une solution aux problemes dnergdtiques. 

Le rdacteur surrdgdndrateur qui multiplie par un facteur 100 la valeur dnergdtique de Tur- 
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anium grace a la couchc fertile qui entoure la matiere fissile, en outre ce reacteur aurait le 
merite de presenter d’autres avantages tel que meilleur rendement, moins de dechets 
radioactifs etc. 

Lc reacteur thermonucHaire : plus de 200 experiences sont en cours en difierents points du 
globe, les progrw sont certes lents mais grace aux developpements technologiques on peut 
espdrer que la fusion soil bientot maitrisec. 

Lc passage par I’cncrgic nuclcaire pour la production d’electricite parait inevitable et il 
convient pour les pays en voic de dcveloppement de s’y preparer par I’acquisition d’une 
certainc experience en technologic nucleaire. L’instaUation d’une centrale nucleoelectrique 
ne relevc plus actucllcmcnt du prestige. 

Les installations uiiiisant I’dncrgie des marees ou I’energie geothermiques fonctionnent 
deji dans certains pays mais Icur emplacement est soumis a des conditions tres specifiques 
qui liraitent grandement leur generalisation. II est par ailleur tres avantageux d’exploiter ces 
formes d’cnergic pour Icsqucllcs I’infrastructure ne necessite pas de grands investissements. 

On estime par ailleurs que lc potcntiel hydroelectrique mondial est d’environ 3 mUlions 
M\V dont moins de 10% ont etc cxploites principalement par les pays nantis, alors que la 
plus grande partic de I’cncrgic hydroelectrique non encore exploitee se trouve dans les pays 
en voic de dcveloppement. 

L’encrgic solairc constitucra jc presume une des solutions energetique de Tavenir pour les 
pays en voic de dcveloppement Certes elle presente deux defauts: se repartir avec une 
densite tres diluec d’unc part ct presenter un aspect irregulier d’autre part. Mais malgre ces 
inconvenients ct I’albado cllc offre dcs avantages de premier ordre. 

1®) Elle sc manifesto avec une duree de vie illimitee. 

2°) Elle nc presente pas dc dechets, pas de polluents. 

3®) Elle supprime tous les monopolcs ct les problemes complexes d’autarcie. 

Pour terminer cette lisle ajoutons que la mise au point d’une pile a combustible econo- 
miqueraent rentable pourrait ctre introduite dans les regions rurales des pays en voie de 
dcveloppement oil aucun rcseau clectrique ne penetre. 

Pour conclure on peut esperer que I’innovation technique et 1 efibrt de cr&tion des 
chercheurs joueront un role csscnticl pour detendre le marche de 1 approvisionnement actuel 
en cnergie et pour etablir entre Ics pays importateurs et les pays exportateum une coopera- 
tion dconomique, scientifique et technique dans I’interet de 1 faumanite toute entiere. 
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L’objet de cette communication est de presenter une etude prospective en choisissant 
un cas particulier: I’energie electrique en France a la fin du premier quart du XXP siecle. 

Les donnees de base de cette communication sont fournies par les resultats des etudes 
entreprises par Electricite de France a ce sujet. 

Nous presenterons tout d’abord un scenario de la France aux environs de I’annee 2025, 
puis nous chercherons a evaluer les besoins en electricite, enfin nous indiquerons les moyens 
de production, transport et distribution de I’electricite qui paraissent devoir etre utilises 
pour faire face a ces besoins. 


LA FRANCE EN 2025 

L’estimation des besoins en electricite a la fin du premier quart du XXI* siecle necessite 
en premier lieu la formulation d’hypotheses sur ce que sera la France a cette epoque: c’est 
ce tableau que nous allons essayer de brosser rapidement. 

Rappelons tout d’abord les cbangements profonds intervenus ces dernieres annees dans 
les facteurs qui conditionnent la demande, la croissance et les objectifs de celle-ci. 

L’epuisement possible des matieres premieres, qui se fait sentir en premier lieu par leur 
rencherissement, et des ressources naturelles, impose des limites au rytlime de croissance'. 
certes, le progres scientifique et technique offre toujours des possibilites d’adaptation, 
neanmoins une croissance durablement exponentielle dans un monde fini apparait desor- 
mais impossible. 

Les inegalites et les frustrations engendrees par la croissance en elle-meme, non seulement 
a I’interieur d’un pays, mais surtout, beaucoup plus gravement, entre les pays developpes 
et le Tiers Monde, imposent un noiivel objectify la croissance: il ne s’agit plus seulement de 
creer des richesses, mais d’assurer une convenable redistribution de celles-ci au niveau 
mondial. 

L’economie des ressources naturelles et une meilleure repartition des fruits de I’expansion 
devront ainsi conditionner la croissance future. 

Dans un monde oii une nouvelle division du travail serait realisee, les industries lomdes 
s’implanteront de preference dans les pays moins developpes, mais plus riches en main- 
d’oeuvre, en ressources naturelles et en espace, leur permettant ainsi de participer a la 
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croissance et d’en beneficier; la France, comme tons les pays developpds, sera de ce fait 
conduite a specialiser son economie dans les industries legeres a haute valeur ajoutee et 
dans les activites de service, 

Dans un monde oh la croissance sera sans doute ralentie, mais non arretee (la croissance 
zero parait en effet difScilement compatible avec la lutte centre la pauvrete), la France, 
comme les autres pays developpes, connaitra un rythme de croissance dconomique legere- 
ment inferieur a celui de I’ensemble du monde, du fait de la specialisation de son dconomie 
dans les secteurs a faible productivite (activitds de service). 

Les principaux traits du scenario adopte pour la France de 2025 sont les suivants; 

1) Nous avons retenu I’hypothese d’un developpement demographique s’effectuant a un 
taux decroissant: 0,9% entre 1970 et 1985, 0,8% entre 1985 et 2000, et 0,6% entre 2000 et 
2025. La population fran^aise atteindra ainsi 75 millions d’habitants en 2025. 

2) L’urbanisation aura ete realisee dans les dernieres decenndes du XX' siecle en grande 
partie au profit des villes moyennes oh se sont installe les industries legeres ou des activites 
tertiaires ; un developpement important des telecommunications est le coroUaire de ce type 
d’organisation. 

3) L’accroissement des loisirs journaliers et hebdomadaires favorisera le role socio- 
culturel de ces villes, lieux de rencontre, centres de services et de distractions pour toute la 
population de leur zone d’influence. 

4) Les activites diverses de la vie courante (transports, travaux m6nagers, surveillance des 
enfants) sont I’objet d’organisations collectives. 


LES BESOINS EN ELECTRICITE 

Le ralentissement du rythme de croissance demographique et economique, I’implantation 
dans le Tiers Monde des industries lourdes, I’amenagement decentralise du territoire, 
I’organisation collective de nombreuses activites de la vie courante sont autant d’elements 
defavorables a une croissance energetique a un taux eleve; par ailleurs, I’heritage des 
dernieres decennies du XX' siecle, durant lesquelles I’elevation du prix des hydrocarbures 
aura cree des habitudes d’ economie d’energie (isolation thermique des locaux, transforma- 
tion des techniques industrielles), agira dans le meme sens. 

En sens inverse, pourront jouer le developpement des telecommunications et surtout 
celui des industries de recyclage des dechets, de depollution et de traitement de I’eau de 
mer. 

Les etudes faites en tenant compte de ces evolutions conduisent a adopter, pour 2025, 
une consommation d’energie par tete de I’ordre de grandeur de 12 tec, niveau voisin de 
celui atteint aux Etats-Unis actuellement. II en resultera, pour une population de 75 mil- 
lions d’habitants, une consommation totale de 900 millions de tec, qui correspond a une 
progression annuelle moyenne de la consommation d’energie de 1,5%, en net ralentissement 
par rapport au rythme prevu entre 1985 et la fin du siecle (3,3%). 

La substitution de Velectricite aux autres formes d’energie aura ete realisee progressive- 
ment dans tons les domaines qui lui sont ouverts: usages domestiques, usages industriels et 
transport (le vehicule electrique a accumulateurs sera alors le principal moyen de transport 
urbain). En 2025, les 2/3 des besoins en energie seront ainsi converts par I’electricite, centre 
la moitie en 2000. Les hydrocarbures, qui auront perdu definitivement leur preponderance 
dans le secteur energetique, seront desormais utilises surtout comme des matieres premieres 



L’ AVENIR A LONG TERME DE L’ELECTRICITE EN FRANCE 


25 


industricllcs cl non plus commc dcs combustibles; quant au charbon, il aura pratiquement 
disparu du bilan cnergdtique depuis la fin du XX* sicclc. 

Un autre faclcur influcnccra Ic ddvcloppcmcnt dc la consommation d’clectricitc durant 
Ic premier quart du XXI* sicclc; 

Cest Tapparition dc rhydrogem, cn tant que vcctcur d’dncrgic: cclui-ce remplacera en 
parlic rdlcctricitd pour rdaliscr Ics transports massifs d’energie ct pour assurer des stockages 
importants a un prix rclativcmcnt bas. 11 pourra par aillcurs ctre utilise dircctemcnt par Ics 
industricls pour dcs usages Ihcrmiqucs parfaitement non polluants ou elrc employe comme 
combustible dans Ics transports. 


LES MOYENS DE PRODUCTION DE L’ELECTRICITE 

L’dncrgic nucldairc assurcra, au cours dcs premieres ddccnnics du sicclc prochain, 90% 
dc la production d’dlcclricild. Comment sera constilud la part dcs centrales, produisant cette 
cncrgic? 

Lcs surrcgcncratcurs sc substitucront progressivement aux centrales nucldaircs classiques 
dcs la fin du XX* sicclc; lcs conditions dc Icur introduction massive dans la production 
d'dlcctricitd sonl d'orcs cl ddja rdunics (existence dc structures industricllcs, connaissance 
dcs problcmcs techniques); Icurs avantages pcuvcnl ctre rapidcmcnl rappclcs;utilisant I’ura- 
nium 23S, abondant dans la nature, ou I’uranium appauvri par lcs rdactions nucldaires des 
centrales nucldaircs classiques, ccs rcactcurs produiscnl unc quantitd dc plutonium superieure 
a ccllc qu’ils utiliscnl. Lc combustible nucldairc dcvicnt alors un sous-produit dc la produc- 
tion d’dlcclricitd, assuranl ainsi la solution iddalc au problcmc dcs ressources en matieres 
fissilcs. 

Lcs rcactcurs a haute temperature {IfTR) constitucront un autre moyen dc production 
d’dlcctricitd nucldairc; Icur intdret rdsultc d’aillcurs csscnlicllcmcnt dc Icurs possibilites 
d’ulilisalion dans d'autres domaincs tcls que la gazdification du charbon, la production 
d’acicr, la chalcur induslricllc ct la production d’hydrogcnc. 

Enfin il cst vraiscmblablc qu’un certain nombre dcs tranches nucldaires cn service a 
ccltc dpoque utiliscront la fusion Ihcrmonuclcairc. 

En cc qui conccrnc la localisation dcs centrales nucldaircs, deux types dc schemas peuvent 
dire envisages: on peut songcr tout d’abord a rdduirc autant que possible leur nombre, en 
augmentant la laillc dcs centrales: lcs sites futurs pourraient ainsi comporter 4 ou 6 tranches 
dc 2500 MW. Ccllc solution permet dc bdndficicr dcs economics d’dchclle, mais elle presente 
des inconvdnicnts pour renvironnement: importance dcs rejets thermiques, creation de 
microclimats, importance dcs ouvrages dc transport dc I’dnergie produite. En sens inverse, 
la limitation dc la dimension dcs dquipements, “saupoudrds” sur I’enscmble du territoire, 
rentabilisds par refTct dc sdrie, pcrmcltrait dc resoudre les problemes de site: la limitation 
des rejets thermiques permet d’utiliscr dcs cours d’eau de debit moyen ou des refrigerants 
atmosphdriques dc dimension rdduitc, ou encore dcs refrigerants secs. En fait, la situation 
sera vraiscmblabicmcnt caractcrisdc par unc superposition de ces deux solutions; on sera 
conduit h rcchcrchcr la dimension optimalc de centrales pour les sites disponibles, plutot 
que dc rcchcrchcr des sites correspondant h des centrales de dimension maximale. 

En 2025, les dquipements permettant dc faire face ^ consommation annuelle d’dlectricite 
de 1800 TWh (produite k 90% i parlir dc I’cnergie nucldairc) reprdsenteront une puissance 
installdc dc 300 GW, rdpartie entre 40 ^ 70 centrales d’une puissance de 1 a 10 GW. 
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LES RESEAUX DE TRANSPORT ET DE DISTRIBUTION D’ELECTRICITE 

L’energie produite par les moyens de production definis ci-dcssus sera debitee sur un 
reseau de transport a tres haute tension (225, 380, 700 kV). Ce rdseau atteindra, en 2025, 
pres de 80 000 km, soit plus du double de la longueur du reseau actuel. La concentration 
des unites de production et la localisation d’une grande partie d’entre elles sur le httoral 
maritime conduiront a ddvelopper le reseau. Le choix aura et6 fait entre deux inconvenients: 
reduire la gene qu’apportent les centrales en les rejetant loin des centres consomraateurs ou 
reduire la gene due a I’existence d’un reseau developpe en rapprochant les centrales des 
centres de consommation. 

L’effet nuisible sur I’environnement pourra etre attenue par I’introduction de lignes a 
I’echelon de tension superieur (700 kV) qui accroit la capacite de transport et par I’emploi 
de cables souterrains (cryogeniques ou a isolation gazeuse). 

L’utilisation de Phydrogene comme moyen de transport de I’energie pourra egalement 
limiter I’extension du reseau electrique. 

La longueur des reseaux de distribution (a moyenne et basse tension) passera de 1 000 000 
km en 1975 a 1 300 000 km en Pan 2000 et peut-etre a 1 500 000 km en 2025. 

La protection de Penvironnement conduira a developper les techniques de dissimulation 
des ouvrages (pose en souterrain, galeries techniques). 


LES AUTRES MODES DE PRODUCTION DE L’ELECTRICITE 

II convient, pour terminer, de preciser quel pourrait Stre Papport en 2025 des autres 
sources d’ energies primaires : hydraulique (y compris le cas particulier des mar6motrices) 
ou des energies dites nouvelles. 


1. Energie hydraulique 

En supposant que tons les sites hydro-electriques du territoire national soient equipes, 
leur production annuelle ne representerait que 80 TWh, soit moins de 5% de la consomma- 
tion d’electricite de Pannee 2025. En ce qui conceme Penergie maremotrice, Pexploitation de 
toutes les possibilites maremotrices, conduirait a une production annuelle de 30 TWh, 
soit un peu plus de 1% de la consommation. 


2. Energies nouvelles 

Les energies dites nouvelles: energie solaire, energie eolienne, energie geothermique, 
constituent des sources d’energie considerables, a Pechelle des besoins du siecle prochain. 
Malheureusement, elles ne paraissent pas susceptibles d’etre utilisees pour la realisation des 
moyens de production de grande puissance (c’est-a-dire de Pordre des GW) qui seront 
necessaires dans les prochaines decennies. 

En efiet, a titre d’exemple, indiquons quel serait Pequipement d’une centrale solaire ou 
d’une centrale eolienne equivalente a une tranche nucleaire de 1 GW. 

La centrale solaire comporterait une surface de 6000 hectares couverte de capteurs ou de 
cellules photo-electriques. 
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La centrale eolienne comporterait 1000 aerogenerateurs, compose chacun d’une helice 
de 30 m de diametre, montee au sommet d’un support de 40 a 50 m de hauteur. 

Toutefois des applications particulieres localisees de I’energie solaire (la maison solaire) 
et de I’energie geothermique (utilisation des nappes d’eau cliaude souterraines) sont sus- 
ceptibles d’un developpement interessant et pourront apporter une contribution partielle a 
la couverture des besoins en energie du premier quart de siecle du XXP siecle. 

En resume, le tableau de I’energie electrique en France vers 2025 nous parait pouvoir 
etre caracterise par les traits principaux suivants; 

1) L’electricite foumit les 2/3 des besoins totaux en energie, soit 600 Mtec sur 900 Mtec. 

2) La production de la plus grande partie de cette energie est assuree par un ensemble 
de 40 a 70 centrales nucleaires de puissance comprise entre 1 GW et 10 GW. Celles-ci 
sont reparties geographiquement sur le littoral et au bord des cours d’eau. 

3) Le transport de I’energie est assure par un reseau electrique a tres haute tension dont 
la longueur est de I’ordre du double de celle du reseau actuellement en service. Une 
partie du transport de I’energie est assuree par un reseau souterrain de canalisations 
d’hydrogene. 

4) La distribution de I’electricite est assuree au moyen de reseaux dont la longueur totale 
est de 50% environ superieure a celle des reseaux actuels. Une partie importante des 
reseaux construits a partir des dernieres d6cennies du XX® siecle est dissimulee en vue 
de proteger I’environnement. 

5) Le developpement ainsi decrit est realise avec la preoccupation essentielle de preserver 
I’environnement, ce qui parait techniquement possible mais entraine un supplement 
de cout qui doit etre supporte par la collectivite. 

Bien entendu, nous devons etre modestes et prudents et ne pas attacher a une telle des- 
cription plus de valeur qu’elle n’en merite. 

Rappelons-nous, a cet egard, qu’un futurologue des annees 1875 avait cherche a decrire 
les conditions de la circulation dans Paris en 1975; il avait calcule avec soin I’accroissement 
annuel du nombre de voitures a traction hippomobile en service, et le volume de dechets 
produits sur la surface des chaussees par les chevaux. 

II etait arrive a la conclusion que I’enlevement de ces dechets risquait de conduire a une 
impossibiUte de depasser un certain trafic et qu’il convenait d’envisager des mesures auto- 
ritaires de reduction de la circulation. 

II avait tout simplement neglige d’envisager I’hypothese selon laqueUe, grace a I’appari- 
tion d’un moyen nouveau que Ton a baptise automobile, la circulation hippomobile dans 
Paris en 1975 serait reduite a zero. 
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Annexe 1. Previsions de consommation d’energie totale ct par tStc cn France 



1970 

1985 

2000 

2025 

1) Consommation totale 





Toutes Energies (Mtec) 

225 

400 

640 

900 

Taux de croissance annuel (%) 


+3,9 

+ 3,2 

+ 1,4 

Elcctricitd OtWh) 

140 

420 

1000 

1800 

(Mtec) 

47 

140 

330 

600 

Taux de croissance annuel (%) 

+ 7,6 

+ 5,9 

+2,3 

2) Population 





Millions d’habitant 

50 

58 

65 

75 

Taux de croissance annuel (%) 

+0,9 

+0,8 

+0,6 

3) Consommation par tete 





Toutes dnergies (tec par tete) 

4,5 

6,8 

9.9 

12 

Elcctricitd (kWh par tete) 

2800 

7240 

15 400 

24 000 

(tec par tete) 

0,9 

2.4 

5,1 

7.8 


Annexe 2. Essai de bilan energetique francais cn 2025 



1970 

1985 

2000 

2025 

Consommation d’energie primaire Mtec 

225 

400 

640 

900 

Consommation dlectrique tWh 

140 

420 

1000 

1800 

Mtec 

47 

140 

330 

600 

Production d’dlectricitd 





nucldaire tWh 

5,1 

295 

893 

1650 

Mtec 

1,7 

98,3 

298 

550 

hydrauh'que tWh 

56,6 

62 

63 

60 

Mtec 

18,9 

20,7 

21 

20 

thermique classique tWh 

79 

65 

50 

90 

Mtec 

26,3 

21,7 

17 

30 

Elcctricitd primaire (hydraulique Mtec 

20,6 

119 

319 

570 

+ nucldaire) 





Combustibles Mtec 

202,6 

276 

286 

180 

dont; . pdtrole Mtec 

131 

191 

206 

140 

. CMS Mtec 

57 

30 

20 

10 

. GN Mtec 

14,6 

55 

60 

30 

Nucldaire direct Mtec 

— 

— 

20 

100 

Energies nouvelles Mtec 

— 

— 

15 

50 

Part dlecricitd/energie primaire % 

21 

35,4 

52,1 

65 

Part nucldaire/production dlectricitd % 

3,6 

70,2 

89,3 

90 

Parc nucldaire dlectrique GW 

1,6 

55 

170 

300 

Parc nucldaire direct GW dquivalent 

— 

— 

10 

50 
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Thank you, Mr. President. I want to congratulate the Institut de la Vie for its foresight a 
year ago in deciding to include energy as one of the key themes of this meeting. It must have 
been some act of prophecy on the part of the organizers to realize the importance of this 
subject. The year 2000 presumably was chosen as target date because it is the earliest time 
that matters decided now can possibly take effect. In fact this theme — ^the time constant — 
will be one of the main themes of my presentation. In analysing energy problems the 
standard format of presentation is to start with an analysis of possible energy demands for 
the future. We heard this morning such an analysis and we had an optimistic analysis by 
the first speaker, Mr. Destival, and I hope he is right. It is a difficult figure to arrive at and 
estimates vary greatly, as you have seen in the literature and heard this morning. The litera- 
ture is very extensive and the numbers vary quite a bit, but all of them predict an appreciable 
increase in total energy demand. In particular, while the developed countries have reached 
or are approaching saturation — this was pointed out already today — ^the bulk of the world’s 
population is still very far from such a situation. Therefore the bulk of the human race will 
increase energy demands at a much greater rate than those countries that are already at the 
peak but which represent only a small part of the world population. I am not going to go 
into the details of the demand here. Let us assume that the figures in the literature are 
reasonable and that we have some projection of what will happen in the year 2000. In any 
case there is very little we can do to change this situation because the time constant is 
almost out of control. We are not in the control of world population, we are not really in 
control of the way we use energy — ^it is a function of the way our society is formed. So, 
again, it is one of those things which cannot be changed very much between now and 2000. 
The next step in such an analysis is usually to go to energy resources. You have your 
demand estimate, then you want to check if the resources are reasonable. One is looking 
for limits or possible limits. Now here again I join the optimists — and I am an optimist 
myself — and I am prepared to accept the conclusion that there is no limit on resources. 
We foresee various developments in technology. But, again, nothing spectacular will happen 
before the year 2000 because of the time constant. So we can see that as far as resources go 
(that is : coal, oil, fusion reactors, breeders, fusion with deuterium or deuterium plus tritium), 
if we assume certain technological advances which I am prepared to accept, then there is no 
limitation. Buthaving said that, we still don’t know whether these resources will be available 
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at the price which humanity will be prepared to pay. By price I mean not only actual 
money but the cost to the environment, the cost to the quahty of hfe, and the cost of social 
upheaval which large-scale production of energy may entail. I am avoiding this issue at the 
moment. I think these issues should be looked at very carefully because, as you know, many 
people suspect that the cost is too high to be acceptable. In fact, I consider the resistance to 
the introduction of nuclear energy today in some countries as a symptom, or as one of the 
first symptoms, of a refusal to pay the price which extra energy demands. We can foresee 
that if large-scale strip mining is introduced in various countries there may be a good deal 
of opposition to this solution. I think it is a major problem and that we should devote a 
lot of time to it. But for the purpose of my paper today I am prepared to assume that 
resources are available and that these problems of acceptabihty will be overcome. In the 
talk I am presenting today, as the title shows, I am seeking whether other hmits exist. Are 
there, then, any other hmits ? The first limit that comes to mind is the environmental hmit. 
The question posed in another way is whether we can dump so much energy, ultimately in 
a form of heat, into the environment without making the planet uninhabitable. Obviously 
at some point there is such a hmit. We do not know today where this hmit lies. It involves 
a detailed understanding of the way the atmosphere works, an understanding which is still 
lacking. It is a subject that is not easy to handle, and it is a relatively recent subject of 
interest to the world. Unfortunately, we are not in a position today to say that when human- 
ity begins to emit so and so many watts of energy, then we may trigger some natural cal- 
amity. I am saying it this way because from the little that is known about the workings of 
the weather it is hkely that the processes going on are not reahy stable; that one may have 
several stable states and one may flip from the one to the other by a relatively smaU trigger. 
Therefore the situation is dangerous and may not be reversible (or not easily reversible on a 
time scale that we are talking about, of hundreds of years). Therefore one has to be very, 
very careful not to accidentally overstep the limit. So that is one question mark. It is some- 
thing we should worry about. Unfortunately, there is another hmit which is much more 
immediate and which will prevent us probably from overstepping other hmits, and that 
hmit relates really to the kinetics of the process — the rate at which we can adapt the new 
technologies which the increase in energy supply will require. Many processes have been 
mentioned today as possible sources of energy, but if we translate them into more practical 
engineering terms — and that is an exercise that I recommend should be done in great 
detail — one very quickly gets the feeling that we are deahng here with a problem of stagger- 
ing magnitude. If you deal with a situation that calls for the construction of one 1000 
MW reactor per day for the next 25 years, and even when you have done that you still 
provide less than half of your energy from nuclear surplus, and you still need twice as 
much fossil fuel as you do today, then you realize you are facing a problem. You then 
ask yourself. What is the purpose of the exercise? Aren’t we rushing around, making more 
and more energy at diminishing returns? Because, in order to arrive at the high rates of 
production of energy, we have to develop whole new infrastructures which do not exist 
today, whole new technologies, and new industries. These may be related to the nuclear 
field (isotope enrichment or construction of reactor vessels) or to steel production or to 
mining equipment, or to transportation — the list is very long. When one goes through this 
list — and this work has been done in a few countries — one really begins to realize that the 
task is almost impossible while at the same time doing other things. If the human race 
decided to devote itself to doing nothing but make energy, presumably it could do it. But 
it seems that we still want to live in some reasonable comfort and do other things but 
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produce energy. Then one comes to the conclusion that the limit is not the lack of primary 
raw materials for energy or even the limit of the effect on climate. The real limit — and here 
we are talking about 25-40 years — may be simply our ability to respond at the right rate 
to the changes which are demanded. I think that this is a point that has been missed in 
much of the thinking. The rate of response of technology is limited, and in fact the constraint 
will be our rate of response. If you accept the thesis that we can only respond at a certain 
rate and that this rate will really limit our development in energy, then you have to go back 
and, using the principles of systems analysis, ask yourself : Am I using my technological 
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resources at my disposal in the best possible way? Is it really more effective for humanity 
to devote all its possible efforts to developing new energy sources or wiU it be more effective 
to split our efforts and to devote also some of it — and maybe a good part of it — ^to finding 
ways in which we can live well and improve our quality of life without the increase in energy 
consumption? It is commonplace to present figures or curves of GNP per capita versus 
energy consumption per capita — one of the previous speakers has done it — ^the figures or 
the curves are known. They usually show a situation where we have the United States way 
up in one comer and Asia in the other corner and the rest of the world smeared about in 
between (Fig. 1). There is a great mistake in using these curves as Holy Scriptures. In fact 
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I like to use these curves to demonstrate the opposite. If one looks at the curves in detail 
one sees several interesting things. Let us take as a first approximation that the GNP 
reflects in some sort of way a quality of life (this correlation has not yet really been proved). 
Everybody would agree, let us say, that the quality of life in Canada and the United States 
is better tlian in some more remote parts of the world. But even as one looks at this curve, 
one notes the following: that there are countries with a similar GNP, within a factor of 2, 
and yet with very difiering energy consumption per capita. For example, I am not sure that 
people agree that the quality of life in France is inferior by a factor of 3 to the quality of 
life in the United States. The French would probably maintain that it is the other way around. 
But, anyway, one feels that France, the United States, and possibly Canada possess approxi- 
mately the same quality of life. But the consumption of energy per capita in the United 
States is three times that in France; it is twice that in Britain. Nobody will say that the 
quality of life in Britain is so terrible. There arc many, many other examples of that sort. 
In other words it is possible to achieve a high quality of life or a high GNP even without 
necessarily a high increase in energy consumption per capita. Since the variation is so 
considerable, and we are not talking here about a few per cent but about factors of 2 and 3, 
I think the message is quite clear. We should devote more efibrt in development in direc- 
tions which increase the quality of life and increase the GNP without necessarily increasing 
energy consumption per capita. That message, I think, is particularly relevant to the 
developing countries. In other words, they should not follow the example of the United 
States but should try to follow the examples of other nations which have managed to reach 
a high quality of life without extravagant use of energy. Since the factors are so great, one 
can reduce the need, or ameliorate somewhat the excessive greed for energy, which most 
trend analyses indicate. However, that in itself is not enough. Unfortunately, we have to 
solve both problems simultaneously. Because of the time scale involved we still have to go 
on using up energy for the next tens of years at an increasing rate. At the same time we have 
to attack the problem of how to develop new technologies, new industries, new ways of life, 
new transportation, new urbanizations possibly, which are less energy demanding. What I 
am really suggesting is that one should really look at the two aspects of the system. Since 
there are limited human resources and our technological and scientific ability to respond to 
the needs is also limited, the question is, what is the optimal way of distributing these 
resources ? Whether to put them all on more energy and forgo any efforts at developing 
systems which are less energy-intensive, or should we put all our efforts in the other direction 
and avoid the need to develop energy, or some mixture of the two? It is a typical case of 
analysis by a systems analysis method. I did not carry this analysis myself. It is a tremendous 
amount of work. I suggest that it could possibly be something that is worth devoting some 
international effort to. At the moment, incidentally, all that is happening in the world is 
talk. Now I do not see that any action has been taken towards a reduction of energy con- 
sumption, and time is proceeding. We are essentially in 1975, so that some kind of optimiza- 
tion of our effort is certainly indicated. If this conference results in some deep study of this 
optimization problem and comes out with some clear recommendation on this matter, I 
think we have achieved a great purpose. 
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LEARDINI: Thank you, Mr. Dostrovsky, for the very interesting point of view which is the other way 
around to the problem and for the hope that you expressed finally that more thought will be given to the 
optimation of the research among the two possibilities. 

KELLOGG: I would like to raise a very small point in connection with the last talk concerning the ques- 
tion of ultimate limits to energy production. In a sense I will make a small commercial for the discussion, 
which I will present tomorrow morning, and a little preview. If we look at it in an optimistic vein, the ques- 
tion of climate change is probably not going to define an ultimate limit, especially if we handle energy 
production rightly. I will be talking about the climatic effects of what I believe might be an ultimate, very 
large rate of worldwide energy production. If you disagree with me after I’ve given my talk, well, that will 
be a subject for further discussion. 

COULOMB; J’ai dt6 assez surpris par la fa?on dont M. Gibrat et M. Destival ont mentionne la tendance 
a I’autarcie. Je suppose qu’ils y voient un fait plutot qu’un souhait. Mais c’est une tendance a combattre. 
L’energie est pr&:isement I’un des domaines oil il semble le plus necessaire de penser intemationalement. On 
pent evoquer les in6galit& de repartition des combustibles et les risques dus a la toxicite du plutonium dont 
parlait M. Gibrat et qui ddborderont certainement des frontiferes. L’autarcie a bien entendu des avantages 
temporaires mais fait perdre a coup sflr la partie a long terme. 

GIBRAT: Je pense que nous avons d’abord ^ voir les faits: dans I’avenir, tel que je le vois, les surgenera- 
teurs ne seront pas utilises dans un but de moralite quelconque, ils seront utilises parce qu’ils se presentent 
actueUement comme les plus favorablcs et par suite de leur propre structure ils entrainent, en ce qui conceme 
la production d’eiectricite, une veritable autarcie, qu’on le veuille ou qu’on ne le veuille pas. Nous n’aurons 
pratiquement plus besom de ressources nouvelles. Les surgenerateurs consommeront les dechets obtenus 
dans la production d’eiectricite auparavant et ceci au moins pour de trfes nombreuses decennies. Si nous 
prenons I’energie que j’ai appeiee lointaine, ce n’est pas non plus dans un but philosophique ni politique. 
Nous trouvons que les trois energies possibles sont toutes les trois parfaitement autarciques. Le soleil rfegne 
naturellement plus fort dans certaines regions que d’autres mais la difference n’est que de 1 ^ 2: en plein 
nuage on refoit encore en energie solaire la moitie de ce qu’on regoit en plein soleil. La geothermie est pour 
tout le monde pratiquement avec simplement des gisements peut-etre plus priviiegies. Et la fusion ne deman- 
dera pas non plus, autant que Ton sache, de ressources exterieures. Done ce que j’ai voulu dire — M. Destival 
voudra peut-etre ajouter sa propre penste — c’est que la fa^on meme dont nous prevoyons I’utilisation des 
sources va diminuer — est-ce un bien est-ce un mal, je ne sais pas — d’une fa?on considerable les problfemes 
actuels en ce qui conceme la production, e’est-i-dire Tutilisation des diff^rentes ressources k I’echelle mon- 
diale. Vous avez ensuite parl6 du plutonium. Ca c’est un problfeme de s6curit6, ce n’est pas un probleme 
d’autarcie. C’est le meme probRme, celui que nous coimaissons bien: vm peuple n’a pas le droit de faire des 
rejets dans une riviere qui ensuite va se jeter dans un pays voisin. C’est un problfeme different de I’autarcie. 

DESTIVAL: Je suis entiferement d’accord avec ce que vient d’indiquer M. Gibrat. Je voudrais aller im 
peu plus loin; M. Ginocchio dans son expose disait qu’il fallait s’attendre vers le debut du XXI' sifecle a 
une plus grande specialisation dans la production intemationale. Je n’en suis pas persuade. La specialisation 
intemationale a r&ulte pour une part de considerations geographiques naturelles qui perdront de leur 
importance — ^I’exemple de I’energie en est I’exemple le plus frappant — Si des regions riches en energie fossile 
comme la Ruhr, la Grande Bretagne, ont pu se developper tres tot grace a cette ressource, il est certain que 
I’importance de ces facteurs va decroitre. Il n’est peut-etre pas souhaitable que certains types de pays, ^ 
terme de 50 ans, gardent encore la predominance dans certains types d’activites et en rejettent d’autres vers 
d’autres pays. Je crois que les facteurs objectifs vont plutot vers une despecialisation intemationale par 
rapport a la situation actuelle. Je voudrais, si vous me permettez de changer de sujet, faire une remarque a 
propos d’une indication du dernier conferencier: Aurons-nous k choisir sur quoi faire porter nos efforts, sur 
I’energie ou sur autre chose? Dans les 30 demiferes annees, la part d’activite economique consacree a la 
production et k la transformation de I’energie n’a cesse de croitre. Ainsi en France, il y a 20 ans e’etait 20% 
de la formation bmte de capital fixe qui etait consacree a Tenergie, aujourd’hui ce n’est meme plus 10%. Les 
effets de la crise energ6tique vont-ils obliger a augmenter Teffort k foumir? Dans la mesure ou la croissance 
de la consommation d’energie va diminuer, norabre d’investissements qui auraient etc necessaires pourront 
etre differes, Teffort nucieaire ne compensant pas cette reduction. Il me semble que la part d’activite con- 
sacree a Tenergie n’aura pas i augmenter. 
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LEWIS: You will be hearing from me as chairman this afternoon and in a paper tomorrow afternoon. 
I think it’s rather important to speak at the moment to point out that I am not in agreement with most of the 
speakers and most of the thoughts that have been presented this morning. Nor do I think that I amunique.Iam 
from Canada, and certainly our situation in Canada is very different— even from that in the United States. 
We consistently, since 1953, have been saying that we see no need in the whole world for breeder reactors. 
The breeder reactor, to take any place in the world, will have to compete with the alternatives. It so happens 
that people have been able to sweep the rival under the rug for a long time, but this is no longer possible. 
We have, in fact, operating in Canada the largest nuclear power station known in the world in 1973, and in 
that year it produced 40% more power than its close rivals at a cost that was less than that of some of the 
hydropower in Canada. So this forms a background. But I am basing my point more on history. Why did 
we know in 1953 that this would be so? I can go back to 1946 when Cockcroft handed over to me at Chalk 
River a little document that said that if the world wants nuclear energy abundantly there are two routes 
open: one is with thermal reactors and thorium, and the other is with fast reactors and plutonium. That is 
still true today. What we are seeing is that the thermal reactors with thorium are establishing an extremely 
low cost, that it will be very difficult for any fast breeder to meet in economic competition. You have your 
fast breeder, to quote a note passed me this morning ... if this Freudian religion of breeding is something 
that gets you ! But you needn’t . . . you might be a cold-blooded economic engineer and say it is utmecessary 
because we have something cheaper. I remind you that if one wants to be disparaging about the breeder, it 
can’t bum anything more than the uranium you put into it. You’re only just cheating by separating uranium 
into a fissure component and fertile component. We’re doing the same thing on thorium. It is a fertile com- 
ponent going through a fissile component to produce the energy. But it isn’t breeding. So this — ^I just want 
to make clear that this attitude makes a veiy different situation because we see that — as I shall say tomorrow 
I hope with some conclusive evidence — that the day of low-cost energy for people lies ahead. Dr. Dostrovsky 
was saying that this depends on our human resources, our human effort. If we put this effort in, in a reason- 
able manner, this energy will be there at a lower cost than tomorrow. 

LEARDINI: Thank you. Dr. Lewis, for your kind remarks and for putting upside down the commonly 
accepted philosophy of economy of the breeder reactor. 

LEWIS: The geochemists have set the figure for the abundance of thorium in the earth’s cmst at three or 
four times the abundance of uranium. However, the chemistry of thorium and of uranium differ, so that the 
distribution of thorium is not the same as the distribution of uranium, although it happens that in certain 
regions that are counted as major resources of uranium they are also major resources of thorium. The 
Elliot Lake deposits in Canada, for example, must average something like three times as much thorium as 
uranium, although the ratio varies quite a bit. India has in the monazite sands a very high ratio of thorium, 
but one can go on talking about uranium for a long time. Not all thorium is equal, because there is an 
isotope in the uranium decay chain called ionium or thorium-230, an isotope of thorium, therefore separating 
thorium from a uranium-rich ore gives you a different isotopic content. 

DATTA: I agree with Dr. Lewis partly in what he said, that the circumstances in different countries will 
vary. But definitely in the context of the conditions of the developing countries you have to see the needs, 
perhaps much more closely and seriously than the technology. As in an industrialized country, sophisticated 
technology-oriented plans will not exactly fit in a developing country. The needs of the developing countries 
certainly are different in the sense that outlook towards life is different and basic material needs are com- 
paratively less, and energy consumption is consequently less. We had occasion to examine in our country 
(India) and analyze the situation of the energy in the context of our country’s needs, and we have found out 
in the process of this analysis and extending the observations to other developing countries that the require- 
ments are generally for medium and small scale uses of energy, whereas for the developed countries, in 
general (I shouldn’t say that this is 100%), the tendency is that there is a fairly large scale use of energy. In 
implementing the result of this analysis in our country wc found that we have also some resources to over- 
come the energy crisis which has affected our own and also other developing countries very seriously and 
certainly also has affected the developed countries severely. Further, oil cannot be a very dependable and 
assured source of energy for us excepting perhaps in the course of time, and in future we shall have to confine 
ourselves to the use of some meager source of oil for recovery of chemicals. We have got plenty of coal in 
our country, perhaps for another 300 years or more, so wc do not have to bother much. As a matter of fact, 
for some of the larger and smaller industries, coal is becoming the mainstay as the source of energy. I would 
like to put emphasis on this thing that in the planning of energy sources or energy requirements, all the 
world over, the needs of the developing countries have got to be taken info account in counting the require- 
ments of the energy, mainly emphasizing the basic needs of life. I must mention that such basic needs around 
which wc have to base our energy planning in the country arc: food, housing, clothing, medical aid, and 
education. But in a developed country these needs are cared for, but not to the extent the developing countries 
have to. Therefore I suggest that in the planning of energy for future mankind the needs of the developing 
countries and the realities therein should have to be taken into account. 

LEWIS: Answering the last contributor, I believe I have some understanding of the conditions in India. 

I have written two joint papers with the late Homi Bhabha on this subject. This is not just discussing nuclear 
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cncrgj’, but also discussing coal. It conics back to what I think Dr. Dostrovsky was saying: it is this human 
cfTort, the savings from that effort in its operation, which arc necessary first. One of the constraints on the 
coal development is the question of the means of transportation — whether there is a railway and rolling 
stock. All these things have to be found, so that the rate of build-up of the use of coal is limited, just as is the 
rate of build-up of the use of nuclear power or any harnessed power. The mix may not be determined 
entirely by economics— 1 think !you*ll agree— but somewhat by local preferences. I understand the situ- 
ation is that, certainly near Madras in the same area, there is both coal development and nuclear going 
on. 

DATTA: 1 make, Mr. Chairman, a verj' clear-cut distinction between (a) rural areas, (b) urban areas, 
and (c) metropolitan areas in our country. I invite members to see the conditions therein and make recom- 
mendations specially for rural areas where nearly 80% of our people live. Many of these areas arc highly 
dispersed; the transportation problem is severe; even transportation of coal is almost impossible in these 
areas. So under these conditions we do not think in terms of coal for these rural areas. It is pertinent to 
mention that the cnergj' requirements for the above-mentioned areas differ widely. We have recently done 
some research. In rural areas there arc villages which hardly need 250 kWh per day per village. If we see the 
urban areas, the requirement of energy goes up to, s.ay, 1000-10,000 kWh per day. In metropolitan areas 
this requirement is verj' much higher. So the situation of coal and the getting of energy from the use of coal 
can be improved only in the metropolitan areas by providing better transport. But for the rural areas we 
cannot think in a big way in terms of coal or oil as source of energy on account of questionable transport 
which is verj', very difficult. 

BL.\CfCSHEAR: I wish to comment on aspects of this discussion dealing with the quality of life. One 
measure of the quality of life frequently used is freedom of choice. The lesson I hope many of us learned 
following the recent inciosc in petroleum prices is how expensive are the consequences of not having the 
freedom to choose between alternative sources of energy. We arc over-dependent upon petroleum and 
specific sources of petroleum. As a result of this lesson I am reluctant to be over-dependent upon nuclear 
energy. 

One could argue that, to insure choice, a balanced research and dc^'elopmcnt program supplying a diver- 
sity of energy sources (coal, fission, fusion, solar electric, solar thermal, biomass, geothermal, wind, etc.) 
would be required. Further, it would seem prudent to have independent laboratories with independent 
funding develop these sources and generate real competition in energy availability. I argue, therefore, that 
the qualify of life considerations support an independent diversified research effort on all possible energy 
sources. 

HUET : Mr.Dcstivalnous aindiqudqu’ilyadans revolution rdeente dcs factcurs qui contribuent i moderer 
Ic rj'thmc dc I’accroissemcnt dc la consommation d’dncrgic. Jc voudrais lui demander s’il cstime que, dans 
CCS conditions, nous pouvons considdrer que Ics dldmcnts rdgulatcurs naturcls suffiront i aboutir dans un 
ddlai dc 25 ou 50 ans a unc consommation d’dncrgic supportable; car s’il nous a dit qu’il n’y avait pas de 
problcmcs sdrieux d’approvisionnements, nous avons cu dans deux dcs exposes du matin dcs indications 
qui conduisent lout dc mdme :i nuancer cette appreciation. Mr. Ben Mena nous a indiqud, ct je crois qu’il a 
raison, qu’un effort doit ctre fait pour dconomiscr Ics rcssourccs actucllcs d’hydrocarbures ct ceci d’autant 
plus qu'il constituent unc matiirc premidre prdcicusc pour d’autres usages, pour la chimie en particulier; ct 
Mr. Dostrovsky a insistd sur Ic fait qu’il y dcs factcurs dc limitation autres que Ics rcssourccs disponibles, 
qui sont la capacitd industricllc ct humainc en gdndral ct !c niveau dcs prix. Dans ccs conditions, ma ques- 
tion cst la suivantc: cst<c que notre conclusion sur cc point sera que tout est pour le mieux dans les 
mdeanismes normaux dc Tdconomic ct en particulier que la haussc dcs prix ct autres factcurs dconomiques 
suffisent a reduire le rythmc dc croissance dcs besoins dc rdncrgic ou cst-cc qu’au contraire, comme je le 
pense, unc action dcs pouvoirs publics cst ndccssairc i cct dgard ct comment peut-on I’envisager? 

DESTIVAL: La premidre question dc M.Huct cst ravccun certain ralcntisscment dela demande arrivera- 
t-on a un niveau dc consommation raisonnablc? Mais par rapport a quels critdres? Si nous admettons qu’il 
y a dc rdncrgic en suffisance pour tous il n’y a pas li motif i rdconomiser. Ce n’est done pas un critdre par 
rapport auquel on peut dire qu’un niveau cst trop dlcvd. Ilya les incidences sur I’cnvironnemcnt. Je pense 
qu’on peut les controlcr mais qa sera un sujet dc debat ultdricur. Elies pour raient effcctivement constituer une 
contraintc quantitative. Jc ne le pense pas. Ellc n’cxislc pas au niveau dc la planetc, certains Font deja dit. Si 
cllc cxistc localcment, il faudracn tcnircomptc, dans I’organisation dcs infrastructures dnergdtiques. Ceci 
n’est pas impossible, il suffit d’anticiper suffisamment dans Ics effets pour savoir quelle decision nous devons 
prendre. Done jc pense qu’il n’y a pas la de motif suffisanl pour dconomiser de I’dnergic, pour I’energie 
cllc-memc. Par contre cst du devoir dc tout agent deonomique et notamment de tout gouvernement de faire 
en sortc que I’dncrgic soit utilisdc rationncllcmcnt en fonction dc son cout. A cet dgard, compte tenu du 
choc, que nous venons dc subir, il cst bicn certain que nous sommes ii des niveaux de consommation qui 
sont deonomiquement injustifids, bcaucoup trop dlcvds, ct que I’agcnt deonomique, I’homme en gdndral, a 
unc inertie telle qu’un nouvel dquilibrc ne sera rctrouvd qu’avcc dc longs^ddlais — ddlais que les gouvernements 
par leurs actions volontaircs peuvent rdduirc. C’cst lii le role d’un gouvernement que d’inciter les agents 
dconomiques a remettre en cause leur propre proeddd d’utilisation de I’dnergie pour minimiser le total 
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des facteurs mis en CEUvre de production. C’est un role essentiel pour lutter centre le gaspillage non pas 

physique (de telle matifere) mais ^conomique. 

N’oublions pas que la quasi totality de I’dnergie que nous consommons est restituee h I’atmosphfere sous 
forme de chaleur. Le chaulfage d’lm logement ne sert qu’a alimenter des pertes thermiques; le gaspillage y 
serait — ^il de 100%? 

Je reviens sur les deux autres contraintes que vous citiez: capacity industrielle, niveau de prix. 

Capacite industrielle: je crois que pour faire face k la croissance des besoins d’^nergie, I’dconomie mon- 
diale ne consacrera pas une part plus importante d’investissement k I’energie; dans le pass6 cette part a 
constamment diminu6. On dit le nucleaire tr6s capitalistique: une centrale nucl&ire en investissement n’est 
pas plus chfere — si Ton considfere tout ce qui est en amont: la mine d’uranium et I’usine d’enrichissement — 
qu’une centrale au fuel si Ton inclut aussi la raffinerie, le bateau de transport, I’exploitation et la mise en 
production du gisement. Toutes les Energies sont trfis capitalistiques. Dernier facteur : le rench&issement des 
prix. Je crois qu’il faut pr&iser les ordres de grandeur. L’6nergie primaire, e’est-a-dire la ressource initiale, 
celle sur laquelle le changement de prix a porte. Qu’est-ce que c’est dans I’activite economique d’un pays? 
C’est 2% a peu pr^s du PNB. On dit que I’augmentation du prix du petrole porte un coup aux Economies 
industrielles. Cela tient a la brutalite du phenomtee. Si au lieu d’une marche d’escalier on avait eu une 
evolution regulifere depuis 1960 des prix nous ayant conduit au niveau actuel personne n’aurait sans doute 
parle de I’impact du prix de I’dnergie sur I’activite economique. Quel est le resultat actuellement de I’aug- 
mentation du prix du petrole? C’est un pr6]6vement pour un pays comme la France de 3% sur notre activite 
economique, sur notre consommation int6rieure, moins que I’augmentation moyenne annuelle de notre 
consommationinterieure.Leprobl^meestceluidela transition, du r^equilibrage des echanges exterieurs, du 
d6sequilibre de I’ordre monetaire, mais en soi le ph6nom6ne n’est pas majeur dans une vue ^ tr^ long ferme. 
Le niveau de prix actuel n’est sans doute pas insupportable. Ce qui est p6nible c’est la readaptation a cette 
nouvelle situation dconomique. L’economie s’accommode mal des marches d’escalier. Observons enfin que 
cette augmentation du prbe du pdtrole ne repr&ente pas ime augmentation des facteurs de production 
necessaires ^ I’economie mondiale. II represente un transfert de pouvoir d’achat entre populations. C’est 
pourquoi je reste optimiste sur le long terme. 
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Abstract. This document presents a series of charts and related discussion concerning global 
reserves and utilization of fossil fuels, nuclear fuels, and geothermal and solar renewable energy 
sources. Two energy scenarios are presented, demands are projected to the next century, and poten- 
tial phasing of fossil, nuclear, and solar energy sources to satisfy these demands are described and 
examined for feasibility. 

Based upon predicted rates of consumption, our current global reserves of petroleum and 
natural gas will be depleted in about 50 years, uranium in 235 years, and oil shale in 100 
years. Only coal, which constitutes over 80% of the world’s fossil fuels, will last for 400-500 



Fig. 1. Energy options during the next 25 years. 
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years. We must consider means of utilizing our fossil fuels in an efficient and environ- 
mentally acceptable manner. Similarly, we must consider options such as nuclear energy 
and renewable solar and geothermal sources to reduce our reliance on diminishing fossil 
fuel supplies. Decisions which will be made in the next few years and implemented over the 
next 25 years will determine the nature of man’s energy economy for centuries to come. 

This chapter presents an overview of energy options (Fig. 1), some of which may be 
implemented during the remaining quarter of the twentieth century. 

The section of fossil fuels highlights the status of resources and reserves and depicts 
production and consumption on a global basis. Potential development of oil shale and 
conversion of coal to more environmentally acceptable fuels are briefly described. 

The nuclear options for generation of electricity are identified and availability of nuclear 
fuel is presented as a function of price. Projected deployment of nuclear generating capacity 
is also considered. 

Selected aspects of renewable energy resources in terms of solar and geothermal options 
are also discussed. 

Finally, alternative scenarios, depicting how we may shift from relying on fossil fuels to 
increasing our utilization of the other sources, are discussed in the concluding section. 


FOSSIL FUELS 

Fossil fuels (Fig. 2) account for about 92% of our total energy use; the balance is made up 
primarily of nuclear energy and hydro-power for generating electricity. Nuclear energy will 
be used for electricity generation which currently accounts for 26% of the total US energy 
consumption. Significant impacts from renewable sources are unlikely to occur before 
1985-90. Hence, fossil fuels will continue to supply most of the energy needs over the next 
25 years. 

Major questions relate to the rate at which petroleum exporting nations, chiefly in the 



Middle East, will be willing to deplete their reserves and the prices they will charge for 
supplying the growing demand of industrialized nations. Related to this issue is the ability 
of the United States to convert plentiful but dirty coal to environmentally desirable oil and 
gas as a substitute for crude oil and natural gas. A significant capability in this area, along 
with production of oil from shale, would reduce our dependence on foreign sources of 
hydrocarbons during the latter portion of this century. Still another alternative is to in- 
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tensify exploration and development of new potential sources such as the Outer Continental 
Shelf. 

All the options — ^reliance on foreign sources, conversion of coal, development of an oil 
shale industry, and additional exploration — are costly and have their associated risks. This 
section highlights the world’s fossil fuel situation. 


COAL RESERVES OF THE WORLD 

North America has over a third of the world’s coal reserves (Fig. 3). The US reserves are 
estimated at 193 billion tons. About 35% of these are located west of the Mississippi 
River. In 1973, about 590 million tons of coal were produced in the United States. There are 
sufficient reserves to last for several centuries based on current usage. 

If there were no restrictions on supply, coal would provide only 22% of the world’s 



Fig. 3. Coal reserves of the world. 

energy over the next 30 years. Oil and gas, which only constitute about 7% of the reserves, 
would provide 67% of the world energy needs over the same period. 

The Department of Interior is targeting for a threefold increase in domestic coal pro- 
duction by 1985. In 1970 the average sulfur content of all coal burned in the United States 
was 2.6% by weight. Under the State Implementation Plan regulations, the allowable 
emissions would be equivalent to an average of 1.4% by weight. 

With a deferral in emission regulations and with significant requirements for coal con- 
version by 1985, this source may carry a substantial share of meeting the nation’s energy 
needs over the next 25 years. 

Figure 4 describes the basic steps in coal gasification and depicts some of the effluents 
produced during the conversion process. 


COAL-GASIFICATION-RELATED EFFLUENTS (Fig. 4) 

Coal preparation includes grinding and pretreatment to minimize caking. Prior to 
gasification, the coal is devolatized to a material that is primarily fixed carbon and ash. 
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Toxic organic compounds are released, along with trace metals including mercury, cad- 
mium, and lead. The process occurs at temperatures and pressures ranging from 130°C and 
1 atmosphere to 700°C and 400 psig. 

Gasification involves treating the carbon char with oxygen (or air) and steam at tempera- 
tures ranging from 800-1 100°C and at pressures ranging from 150 psig to 1500 psig. The 
gaseous product contains carbon monoxide, carbon dioxide, hydrogen, and methane. 
Appreciable amounts of toxic effluents are also produced. The gas is passed through a 
scrubber to remove tar, dust, sulfur compounds, phenols, and ammonia. 

Shift conversion involves adjusting the CO to molar ratio to 1:3. Reduced sulfur 
compounds, ammonia, and benzene are removed during the purification stage. Removal 
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Fig. 4. Coal — gasification — related effluents. 


of sulfur compounds is essential to the process since they poison the nickel catalysts used 
during the next methanation step, where hydrogen and carbon monoxide are reformed to 
produce methane for pipeline transmission and subsequent utilization. 

In addition to producing pollutants associated with coal combustion, conversion pro- 
cesses introduce other hazardous pollutants for which effects and control measures are 
little understood. 

The COED process, which would utilize 28 400 tons of coal per day to produce 250 
million cubic feet of pipeline and gas and 29 000 barrels of syncrude daily, would require 
a $500 million capital investment. Product cost would be about $1.50 per million BTU. 
Water requirements for operations of this scale could range from 10 000 to 40 000 acre- 
feet/year. 


COST COMPARISONS OF ENERGY TRANSMISSION ALTERNATIVES (Fig. 5) 

Transmission of electrical power by extra-high-voltage AC lines is unstable over long 
distances. High voltage (500 kV) DC systems are economical over long distances, but AC- 
DC conversion costs are high. 

Unit trains are an economical means of transporting coal, but for distances in excess of 
500 miles overland transportation costs increase linearly with distance. Railroad and barge 
systems may not be sufficient for hauling large quantities of western US coals to eastern 
markets. 
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Coal slurry pipelines can supplement coal transportation needs and are economically 
attractive for amounts in excess of 5-6 million tons per year. A 280 mile line in the south- 
western United States is capable of moving 5 million tons per year. A 25 million ton per 
year line about 1000 miles in length is currently being designed. 


• I 000 mile transport 

• EHV costs adapted 

from FPC 

1970 National Power 
Survey Parti 

• 1973 costs basis 
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Fig. 5. Cost comparisons — energy transmission alternatives. 
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WORLD OIL RESERVES 

As of the end of 1971 there was a worldwide total of 642 x 10® barrels of oil in the 
ground which geological and engineering information indicate with reasonable certainty to 
be recoverable in the future under economic and operating conditions of 197L* The data 
exclude the oil content of shales and tar sands. The percentages shown on the graph (Fig. 6) 
have been rounded to the nearest per cent. Some 14% of the oil is in the Western Hemisphere 
(i.e., the Americas). These reserves represent about a 36 year supply based on the 1971 
consumption rate. 


WORLD OIL PRODUCTION AND CONSUMPTION, 1971 

In 1971 the oil production (in 10® barrels per year) for various geographical areas in the 
world (Fig. 7) was as follows:* 


Geographical areas 

Production 

Consumption 

United States 

3.56 

5.40 

Other Western Hemisphere 

2.48 

1.68 

Western Europe 

0.16 

4.81 

Africa 

2.12 

0.34 

Middle East 

5.90 

0.40 

USSR, etc.” 

3.03 

2.68 

Other Eastern Hemisphere 

0.56 

2.50 

Total 

17.81 

17.81 


“ The USSR, etc., category includes all of the so-called centrally 
planned economies. 



Hemisphere Hemisphere 

Fig. 7. World oil production and consumption, 1971. 


* British Petroleum Report, 1971. 
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Fig. 9. World gas production and consumption, 1971. 


* Energy Fads, Congressional Report, November 1973. 
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WORLD GAS PRODUCTION AND CONSUMPTION, 1971 

In 1971 the natural gas production (Fig. 9) (in equivalent 10® barrels of oil per year) for 
various geographical areas in the world was as follows:’’' 


Geographical areas 

Production 

Consumption 

United States 

4.35 

4.83 

Other Western Henisphere 

0.85 

0.69 

Western Europe 

0.78 

0.79 

Africa 

0.03 

0.01 

Middle East 

0.18 

0.18 

USSR, etc. 

1.87 

1.89 

Other Eastern Hemisphere 

0.11 

0.08 

Total 

8.47 

8.47 


TRANSPORTATION COSTS VERSUS TANKER SIZE 

In 1973, costs per ton of cargo ranged from $8.00 for 50 000 dwt to $4.25 for 500 000 
dwt. Comparable costs for 1975 range from $9.34 to $5.16 (Fig. 10). Future transport costs 
are critically dependent on harbor facilities which are capable of handling the largest type 
of tanker size compatible with the demands of the country. 



Tonker size (tons) 

Fig. 10. Transportation costs versus tanker size. 

More than 80% of total tanker tonnage on order today is for vessels in excess of 200 000 
dwt. Over 60 deep water ports exist throughout the world which are capable of handling 
supertankers with drafts in excess of 65 feet. The United States today is without a deep 
water port; US ports are served by tankers whose average size is slightly less than 50 000 
dwt. 


INLAND PIPELINE COSTS 

Figure 1 1 refers to pipeline sizes most likely to be encountered in oil-importing developing 
countries. The cost per ton of oil is sensitive to very large throughputs. For example, for a 

* Information derived from World Energy Supplies, 1968-71, United Nations Report ST/ST AT/SER. 
J/16, 1973. 
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Throughput 


2 X 10® t/yr 

5 X 10® t/yr 


(10-in diam. 

(16-in diam. 


pipeline) 

pipeline) 

Costs (US cents/t per 100 miles) 

Capital 

60 

39 

Other fixed 

18 

10 

Variable 

4 

8 

Total 

82 

57 

Total cost 

(US cents/IO® kcal per 100 miles) 

8.1 

5.6 


Fig. 11. Inland pipeline costs. 


pipeline with a transport capacity of 50 million tons per year the costs would drop to 20 
cents per ton per 100 miles or to about one-third of the 5 million ton per year figure. 

Capital costs are based on $9000 per inch diameter per 100 miles with flat terrain and no 
major river crossing. 

The 2 million ton per year is sufficient for supplying 1200 MW oil-fired plants at 80% 
load factor. 

The 5 million ton per year could supply a 3000 MW oil-fired plant at 80% load factor. 

WORLD SHALE RESERVES 

As of the end of 1971 the estimated worldwide reserves of shale oil amounted to some 
190 X 10® barrels of oil.* It has been assumed that there is a one-for-one energy content 
equivalence between a barrel of crude oil and a barrel of shale oil. 



Hemisphere 

Fig. 12. World shale oil reserves, 1971. 
* Energy Facts, Congressional Report, November 1973. 




48 


R. P. PIKUL AND C. A. ZRAKin- 


US OIL SHALE DEPOSITS 

Estimates of reserves in the 16 000 square mile Green River Formation are (Fig. 13): 

2 X I0‘^ barrels 

130 X I O'* barrels at 35 gallons per ton; 30 ft thick strata within 1500 ft below ground. 
These arc distributed as follows: 

Piceance Creek Basin (Colorado) — 80% 

Uinta Basin (Utah)— 15% 

Green River, Washakie, and Sand Wash basins (Wyoming)— 5% 

Private lands — 22% ; Federal land — 78% 

Of the 130 X 10® barrels, room and pillar mining will leave 40-50% “in-place” reserves, 
for an estimated 65-78 x 10® barrels potentially recoverable. 

Private operations include Colony Development Corporation and Union Oil of Cali- 
fornia along Parachute Creek in Colorado. The Department of Interior has leased four 



Fig. 13. US oU shale deposits. 

tracts, two in Colorado and two in Utah. Production estimates by 1980 range from 100 000 
to 300 000 barrels per day. 

A ton of shale mined and stored will yield at most 17.5% by weight of useful organic 
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material. Hence, a one million barrel per day industry will require mining 480 million tons 
of shale annually and disposing of spent shale. This mining operation obtains about 19% 
of the BTU content of extracting an equivalent amount of coal. It would require about 
175 000 acre-feet of water, about half of what the Bureau of Reclamation estimates is avail- 
able for present use in the upper Colorado Basin, Annual output of salt loading from spent 
shale leachate is estimated at 5.2 million tons. Water quantity and quality could be a signi- 
ficant constraint in developing this industry. 

Land reclamation is also a significant problem. A 500 000 barrel per day industry would 
require filling, stabilizing, and restoring 5 square miles of tailings 40 ft deep, each year. 


OIL SHALE PROCESSING (Fig. 14) 

Colony Development Corporation will extract 60% of the shale by room and pillar 
techniques. Front end loaders will place the broken shale rocks in trucks for movement to 
the primary crusher. Coarse ore is stockpiled and moved to final crushing and sizing and 
conveyed to the retorting plant. Colony will mine about 61 000 tons per day, eventually 
mining 4100 acres. 

Conversion encompasses two sequential steps: retorting and upgrading. All retorting 



Low sulfur fuel oil Coke 

LPG special Ammonia and sulfur 

Fig. 14. Oil shale processing. 

methods are based on heating crushed shale to 900°C or higher. Such pyrolysis results in 
decomposition of organic matter to yield oily vapors which condense to a viscous liquid 
shale oil. Methods include: 

(1) recycled hot solids (Tosco II; operational at 1000-1200 tons per day; ready for 
commercial scale-up); 

(2) internal combustion zone within retort (Union Rock Pump — ^Type A; status same as 
Tosco II); 

(3) external fuel-fired furnace (Petrosix Process; operational in Brazil at 2500 tons per 
day). 
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In situ processing involves fracturing the shale and in-place pyrolysis. Proponents of the 
Occidental Process claims it will be cheaper, applicable to lower grade deposits, and less 
polluting than “traditional” methods. Operation is unlikely before 1985. 

Upgrading is needed to produce a refinery feedstock and a less viscous fluid for pipeline 
transport. Hydrogenation converts hydrogen to ammonia and sulfur compounds to hydro- 
gen sulfide which is converted to elemental sulfur. Oil products and useful fractions will be 
piped out of the area. 


GEOTHERMAL HEAT FOR ELECTRIC POWER GENERATION 

Geothermal energy is in the form of heat which is obtained from the earth’s magmatic 
heat. Heat energy can be converted to electricity by passing hot pressurized water available 
within the earth’s crust through a turbine connected to an electric generator. Alternately, 
a heat exchanger can be used with a working fluid characterized by a low boiling point with 
comparatively high pressure. 

The upper portion of Fig. 15 shows a typical convective hydrothermal system where 
surface water seeps through porous channels to a point where it comes in contact with 
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Fig. 15. Geothermal heat for electric power generation. 


porous hot rock. For vapor dominated systems the geothermal reservoir exists at about 
8000 ft and produces superheated dry steam. Liquid dominated systems are more prevalent 
than vapor systems and also more polluting. The reservoirs are found at relatively shallow 
depths (e.g., 3000 ft). The reservoir consists of a two-phase mixture of water (or brine) and 
steam under high temperature and pressure. Upon reaching the atmosphere, the hot water 
flashes into steam, often damaging and corroding the turbine blades. To compensate for 
this, new machinery is employed. The Magmamax Power Process uses a heat exchanger and 
a working fluid such as freon or butane. The Lysholm Rotary Expander comes in direct 
contact with the steam but the helical screw expander runs at a lower speed and with smaller 
radial loads than the conventional steam turbine. 
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The lower portion of the chart shows an impermeable crystal rock usually found at depths 
of 10 km. For these hot dry rock systems, two or more wells would be drilled into the rock; 
the rock would be fractured (c.g., hydro-fracturing, thermal fracturing, conventional and 
nuclear explosives), cool water would be injected in one well and the fluid heated by the 
rock would be extracted from another well. These systems arc not currently economically 
competitive with other types of geothermal resources. 

Geopressured systems consist of porous sand/clay mixtures isolated vertically by im- 
permeable shale vertically and by faulting horizontally. Hot water at enormously high 
pressure is flashed to steam. Large quantities of dissolved methane arc usually present in 
the reservoir. 


SELECTED GEOTHERMAL OPERATIONS (Fig. 16) 

In the United States, the potential capacity of the geysers is estimated at 1200-4800 MW. 
Mutsukawa in northeastern Honshu has a capacity of 20-27 MW and Otakc and Kyushu 
have a capacity of 13 MW. 


Location 

Capacity (M\V) 

Cost (mills kWh 

Potential 
capacity (MW) 

Gej-sers-US 

500 

4.9 

20 000-100 000 (US) 

Lardcrcllo-Italy 

400 

3.2 

— 

Ot.akc-Malsukawa-Japan 

40 

— 

8 400-10 000 

USSR 

500 

— 

Very large 


Others; New Zealand, Hungao". Algeria, El Salvador, Taiwan, Chile, Columbia, Yugoslavia, 
Iceland, Turkey, Mexico, Philippines, France. 


Fig. 16. Selected geothermal operations. 


The USSR has 1 1 projects relating to electricity generation, space conditioning, agri- 
culture, and mining. The National Petroleum Council has estimated the following com- 
parative costs of alternative power sources: 


Hydropower 

Geothermal 

Nuclear 

Thermal 


4.78 mills/kWh 
5.25 mills/kWh 
5.49 mills/kWh 
6.14 mills/kWh 


FISSION REACTION 

The standard fission reaction (Fig. 17) involves the capture of uranium-235 which then 
attains an excited energy state. The atom dc-excites by splitting into smaller fission products 
(usually two) with the attendant release of energy and two or three neutrons which may be 
utilized to initiate another fission. The fission of U-235 is the primary source of energy in 
light water reactors (LWR — boiling or pressurized), while uranium-233 and pIutonium-239 
are the primary sources of energy in the high temperature gas cooled reactor (HTGR) and 
the liquid metal fast breeder reactor (LMFBR) respectively. 
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Neutron U-235 Fission Neutrons 

products 

Fig. 17. Fission reaction. 


WORLD RESERVES OF URANIUM 

Figure 18 depicts the free world’s resources of uranium as of 1971.* Each horizontal bar 
is divided into two segments, the left-hand portion showing the reasonably assured reserves 
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Fig. 18. World reserves of uranium. 

(RAR) while the estimated additional reserves (EAR) constitute the right-hand segment. 
Below is a table summarizing the graph as well as presenting some more recent data.f 

JVoM Reserves (10® short tons UsOg) 



1971 

1973 

RAR 

EAR 

RAR 

EAR 

SlO/lb 

980 

1060 

1129 

1194 

SI 0-1 5/lb 

790 

730 

884 

823 

S15-30/ib 

560 

1600 

— 

— 


1 L 1 1 
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] United States 
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I I Sweden 


Spolni 


Other 


United States 


OECX)-IAEA report, August 1973. 


t Scientific American, September 1971. 
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These data indicate that although fuel has been consumed in the two intervening years, 
reserN'es are higher for the later date as a result of additional exploration. As of 1973 the 
free world’s reser\'’es (RAR and EAR) of uranium (<S15/lb) were 4030 x 10^ short tons 
of UsOs- 


WORLD URANIUM SUPPLY AND DEMAND: SHORT ILRM 

Figure 19 prowdes a picture of the short term supply and demand of uranium (in terms 
of UsOg). The cumulative demand represents the AECs recent data* for a “most likely” 
situation. The supply informationf from the OECD is slightly older but sufficiently valid 



to make the point that rektivelv m 
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hypothesized that after 2006 no new LWR plants will be built and that after 2016 no new 
HTGRs are to be added. Advanced breeders, which are to begin in 2001 , are to comprise 
83% of new starts by 2016, 



Fig. 20. Nuclear capacity by reactor type. 


REACTOR CHARACTERISTICS 

Figure 21 depicts several characteristics of different types of reactors which have a direct 
bearing on uranium reserves: the use of thorium and/or plutonium as alternative fuels, 
higher operating temperatures and plant efficiencies, and the utilization of breeders. It can 


Reactor type 

Fuel 

Operating 

temperature 

Plant 

efficiency 

Comments 

Light water 
(LWR) 

UO 2 

~600°F 

33% 

Pressurized and 
boiling, 

~200 ST UaOs/yr 

High temperature 
Gas cooled 
(HTGR) 

UOi/ThOi 

~1400°F 

40% 

Thorium blanket, 
-^lOOSTUaOg/yr 

Commercial 

breeder 

(LMFBR) 

UO 2 /PUO 2 

--1200”F 

38% 

22 year doubling 
time, 

~2 ST UaOs/yr 

Advanced 

breeder 

UC 

~1700°F 

42% 

10 year doubling 
time, 

~2 ST UjOg/yr 


Fig. 21. Reactor characteristics. 
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be noted that the annual amount of UsOg utilized by a 1000 MWe breeder reactor is two 
orders of magnitude less than that used in present-day LWRs of the same size. 


FUSION REACTIONS 

Nuclear fusion research is proceeding along the lines of two principal reactions — that 
involving deuterium reacting with deuterium or that concerning deuterium and tritium. 
While the latter combination produces more energy per reaction, the former involves 
constituents in higher supply (Fig. 22). 



+ 



+ o + 3-2 MeV 


Deuterium Deuterium Helium 3 Neutron 






Deuterium 
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+ O + 


Neutron 


17,6 MeV 


Fig. 22. Fusion reaction. 


WORLD RESERVES OF LITHIUM 

Earlier fusion success will most likely be achieved with the deuterium-tritium reaction 
because of the lower ignition temperatures involved. While supphes of deuterium appear to 
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Fig. 23. World reserves of lithium. 
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be highly abundant (Fig. 23), natural tritium is in relatively short supply. Most tritium is, 
therefore, expected to be obtained from the neutron bombardment of lithium. Thus, until 
the deuterium-deuterium reaction becomes a reality, early fusion energy will depend upon 
supplies of lithium, in particular the Li-6 isotope. 


GENERAL PROGRAM STRUCTURE FOR SOLAR ENERGY 

The National Science Foundation’s Solar Energy Program identifies the five program 
elements shown on the chart. 

Cost of systems for heating and cooling of buildings are estimated to be $1000 for solar 
systems vs. $800 for conventional systems by 1985. 

Cost of electricity produced by solar thermal systems are estimated at 40 mills per kWh 
by 1990 vs. 13 mills per kWh estimated for fossil-fueled turbogeneration. 



Fig. 24. General program structure for solar energy. 


Ocean-based systems would produce electricity and hydrogen fuel at a cost of 10-15 
mills per kWh in 2000, assuming capital costs of $200-400 per kWe capacity. 
Photoyoltaic conversion systems produce electricity and hydrogen using either silicon, 
cadmium sulfide, or gallium arsenide semiconductor solar cells. Silicon solar cells 
presently cost from $20 to $50 per peak watt. If design improvements are made and 
mass production introduced, costs could drop to $0.10 per peak watt by the year 2000. 
Wind energy systems could be used to produce electricity and hydrogen and could also 
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pump and compress air for storage in reservoirs for use with gas to drive a gas turbine. 
These systems could provide electricity at a cost of from 5 to 8 mills per kWh by the 
year 2000. Hydro mechanisms would be used for pump storage. 

Biological systems include; (a) combustion of organic wastes to produce heat, steam, and 
electricity; (b) pyrolisis and chemical reduction to produce oil; (c) hydrolysis to produce 
alcohol, and (d) fermentation and catalytic gasification to produce methane. Raising 
energy crops on 5% of the US land would provide sufficient BTU to meet 55% of today’s 
national energy needs. 


MINIMUM PROGRAM PROOF-OF-CONCEPT EXPERIMENT (POCE) 

A two-cycle pumped system for solar thermal generation of electricity consists of : 

Parabolic cylindrical reflectors with a sun tracking mechanism. 

A liquid sodium or potassium cycle which involves heating the fluid as it passes through 
the collectors, cooling the fluid by means of a condensor and heat exchanger and pump- 
ing the cooled fluid back through the solar collectors. 

An electrical generating cycle whereby water absorbs heat from the working fluid, is 



converted to steam and drives a turbogenerator. The steam is condensed to water using 
rock or eutectic salts. The waste heat could be discharged using once-through cooling, 
ponds, or cooling towers, as required. 

The Aerospace Corporation, University of Arizona, and Minneapolis Honeywell are 
building a 1 MWe unit requiring 30 acres of collectors to be operated on a pilot basis in 
FY 1979. 

A total expenditure of $288 million over a five-year period is planned by the National 
Science Foundation for solar thermal electric development. 



58 


R. P. PIKUL AND C. A. ZRAKET 


A 1000 MWe plant would require about 32 square miles of collector. Projected costs in 
the year 2000 are $600 per kWe for the collectors and $300 per kWe for the storage units. 


HYDROGEN ELECTRIC UTILITY SYSTEM 

With the exception of production of hydrogen and oxygen by photolysis, all functions 
shown on Fig. 26 could be performed if solar alternatives replaced the fusion power plant. 
Electricity would be produced by photovoltaic solar cells. Part of the output would be used 
to augment the electric energy capacity while a portion would be used to produce hydrogen 
and oxygen for direct sale to customers. In addition, some hydrogen would be regionally 


^2 L| 



Fig. 26. Hydrogen electric utility system. 


distributed, stored, and subsequently used for decentralized production of electricity from 
fuel cells and for space conditioning. 

Heat energy from the sun could be used to desalinate water with the output either being 
sold to electrolyzer plants, used to augment municipal water supply, or used directly for 
agricultural purposes. 

Solar heat could also be utilized directly for space conditioning. Thermal dissociation of 
water into hydrogen and oxygen would require a concentrator to generate the high tem- 
peratures required for this application. 


REL.^TIVE COSTS OF TRANSMITTING HYDROGEN AND ELECTRICITY 

Figure 27 shows that electrical transmission via underground cable is economically 
competitive with alternative transmission means for distances up to 20 miles. For distances 
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in excess of 200 miles, transmission of hydrogen is cheaper than 200 kV transmission of 
electricity. For distances in excess of 550-750 miles, transmission of hydrogen is less costly 
than transmission of electricity using 700 kV. 



Fig. 27. Relative cost of transmitting hydrogen and electricity. 


PROJECTED ECONOMIC VIABILITY RATIO (SOLAR/CONVENTIONAL) 

Figure 28 shows the ratio of total annual costs (including fuel costs, O & M, and equip- 
ment amortization) of solar systems to the total annual cost of conventional systems that 
use fossil fuels. All solar systems with the exception of solar thermal, would be competitive 
with conventional systems in the period 2000-2020, if one is optimistic about the results 
of research and development and if fuel prices continue to escalate at real rates greater than 
1% per year from 1977 to the year 2020. 



1985 

2000 

2020 

Heating and cooling 

1 to U 

1 to H 
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Solar thermal 

21^ to 3 
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~1 to 2 
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r-1 

Photovoltaic 
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Fig. 28. Projected economic viability ratio (solar/conventional). 


TOTAL US ENERGY REQUIREMENTS AND POTENTIAL 
SOLAR ENERGY SUPPLIES 

Figure 29 shows that seven types of solar supply systems could provide from 20 to 25% 
of total US energy requirements by the year 2000, based upon an increase in demand over 
current levels by a factor of about 2.25. 
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YEAR 


Total US 

1980 

1985 

2000 

requirements 




In watts (X 10’*) or 

3 

4 

1 ^ 

inBTUs/yr(x 10'®) 


12 

I 18 


Type of supply system 

Per cent of total 

General assessment 

Heating & cooling 
of buildings 

0.01 

0.2 

2 

Ready now, but application slowed by 
institutional constraints 

Process-heat 

0 

0.1 

1 

Some applications may be suitable for 
near-term. Needs R & T 

Solar thermal 

0 

0.01 

2 to 5 

Promising, but may be di/Iicult to 
operate and maintain. Needs R & T 

Ocean thermal 

0 

0.01 

1 to 5 

Attractive, but technically difilcult, and 
relatively expensive. Needs R & T 

Photovoltaic 

0 

0.01 

2 to 5 

Real promise, but still relatively expen- 
sive. Needs R & T 

Wind energy 

0.01 

1 to 3 

5 to 10 

Ready for application after some R & T 

Organic materials 

O.OI 

0.7 

7 

^ Waste conversion ready now; crops con- 
version needs R & T 

Totals 

0.03 

2 to 4 

20 to 35 



Fig. 29. Total US energy requirements and potential solar energy supplies. 


ENERGY SCENARIOS 

Figures 30-33 depict global scenarios for satisfying energy demands from three sources; 
fossil, nuclear, and solar. These are not offered as accurate prediction of what the future 
holds but rather are presented as reasonable options for satisfying potential future energy 
demands. 





Fig. 30. Energy scenarios. 



ENERGY OPTIONS DURING THE NEXT TWENTY-HVE YEARS 
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SCENARIO I— POWER CONSUMPTION 
This scenario (Fig. 31) is based on the following estimated parameters: 


Year 

Global population 
(billions) 

Per capita power consumption (watts) 

US 

Other developed" 

Developing” 

1970 

3.6 


4000 

600 

2000 

6.0 

20 000 

12 000 

4000 

2100 

12.0 

60 000 

50 000 

32000 


“ Other developed countries refers to the European nations, Japan, South Africa, Australia, Canada, 
Israel, and New 2^1and. 

•’The developing nations include those in Africa, Middle East, Oceania, the Caribbean, and South 
America. 

This is an optimistic scenario based on the premiss that the world economy expands 
vigorously and that suitable R & D is performed in the remainder of the century to insure 
a viable nuclear and solar technology out to the end of the next century. 

Fossil fuels will satisfy 76% of the energy needs in the year 2000 with nuclear accounting 



Fig. 31. Scenario I — ^power consumption. 

for 20% and solar accounting for the remainder of the demand. Fossil-fuel consumption 
levels off out to 2050 and declines thereafter. Nuclear energy grows at an annual rate of 
3% and accounts for 41% of the total demand by 2100. Solar grows at an annual rate of 5% 
during the next century and accounts for 55% of the total demand by 2100. While there is 
still a disparity among nations in terms of energy consumption by 2100, the developing 
countries would have narrowed the gap considerably relative to the present situation. 
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SCENARIO II— POWER CONSUMPTION 

This scenario (Fig. 32) is identical to Scenario I out to the year 2000, The differences in 
per capita power consumption (watts) in the year 2100 are as follows: 



US 

Other developed 

Developing 

Scenario I 

60 000 

50 000 

— 

Scenario n 

50 000 

25 000 



Nuclear capacity is shown to increase at an annual rate of less than 2% per year from 
2000 to 2075; over the last 25 years in the next century it would decline slightly, and account 
for 19% of the demand in the year 2000. Solar energy grows at the rate of 4J% per year 
from 2000 to 2100, accounting for 71% of the demand in 2100. 

This scenario would produce less thermal discharge than Scenario I because fossil and 
nuclear sources combined provide a smaller percentage of a smaller total energy demand 
beyond 2000. 



Fig. 32. Scenario n — ^power consumption. 


CUMULATIVE ENERGY CONSUMPTION VERSUS RESERVES FOR 

SCENARIOS I AND H 

The cumulative consumption for the fossil-fuel and nuclear power portions of both 
scenarios are presented in Fig. 33. The fossil-fuel reserves include gas, oil, and coal quanti- 
ties for the entire world which are reasonably proven while the nuclear fuel includes both 
reasonably assured and estimated additional reserves of UgOg at a price up to S30 per 
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pound but excluding the centrally planned economies which could account for an additional 
10-40% of U 3 O 8 . These are summarized below: 


Fuel 

Reserve quantity 

Energy content (10‘® BTU) 

Natural gas 

1763 X 10 ^^ ft^ 

1820 

Oil 

642 X 10® barrels 

3 590 

Coal 

7.64 X 10*^ MT (2205 lb) 

200 200 

Fossil 

— 

205 610 

Uranium (UaOs) 

5.7 X 10‘^ST(20001b) 

2 070 


The energy content of U 3 O 8 was determined on the basis of the equilibrium operation of 
an LWR; i.e., 182 MT (200 ST) per year per 1000 MWe with an 80% load factor and a 
plant efficiency of 33%. The use of HTGRs would effectively “double” the reserves of 
U 3 O 8 since the annual requirements are about 100 ST U 3 O 8 for the same-sized reactor. 
A much more significant effective increase would be provided by the use of breeder reac- 
tors where the annual equilibrium feed requirements are on the order of 2 ST UsOg per 
year. 



Fig. 33. Cumulative energy consumption versus reserves for scenarios 1 and 11. 


Therefore, unless actual uranium reserves are significantly increased or the higher priced 
fuel becomes more attractive, both nuclear scenarios suggest the introduction of the breeder 
m the late 1990s. It is further anticipated that fusion will become a working reality fay the 
middle of the twenty-first century. 

The use of stored (e.g., fossil fuels, fission, fusion) energy at a rate approximating 1 % 
f-? T absorbed by the earth’s surface (I % of roughly 1 x 10^^ W or 1 X 

W) is ikely to produce a 2-3°C rise in average global temperature and lO^C or more rise 




64 


R. P. PIKUL AND C. A. ZRAKET 


at the poles. This temperature increase would be in addition to that caused by the carbon 
dioxide if fossil fuels were used. Therefore, it is desirable to limit the use of “stored” fuels 
to no more than 0.1% of the solar input or 1 x lO^'*^ W and preferably to 0.01% of solar 
or 1 X 10^3 W. 



DISCUSSION 


LAWAND: You mentioned that we could expect the 3000 nuclear stations in the next roughly 25 years. 
I’d like more precision on this— did I get this figure correctly? That’s number one. Number two: What is the 
net energy production, quantified and scientifically evaluated? We have a number of plants in operation. 
I’d like to know what is the net energy production from these plants: the total sum inputs of energy going 
into the plant as compared to what comes out of a plant. Number three: Have we considered any material 
resource limitation? We’ve been talking about limitations to growth this morning. What about the con- 
struction materials in all these plants plus the distribution networks, etc., I’m talking about? I’ll give you 
an example. In Canada now it’s getting very difficult to obtain aluminum and we’re an aluminum producer. 

ZRAKET: First, you understood correctly. I did hypothesize 3000 nuclear plants in the year 2000 at a 
nominal rating of 1000 MWe per plant. I divided that roughly as follows — one-third would be built in the 
United States and two-thirds in the rest of the world. The current plans — ^which I don’t think will be met 
because of a number of problems — ^are based on assumptions that we need to quadruple the use of energy 
in the next 30 years around the world as we go from 1.5 kW per capita average around the world to 6 kW 
per capita average around the world. The major increases will take place in the developing world. 

Given these assumptions that means we have a factor of 4 increase roughly in energy use. I obtain that 
increase by doubling oil and gas production from today’s figures, tripling coal production, and for nuclear 
energy, going to 3000 plants where in the United States we would generate 1.2 mfilion MWs and the rest of 
the world 2.2 million MWs at a nominal 1000 MWs per plant gives you 3400 plants. As you know, the 
nominal efficiency of a nuclear reactor is about one-third (331-%). Of course you lose some efficiency in 
mining the fuel for the reactor. Without going through all the steps, by and large, in terms of the raw energy 
that is in the ground, to what comes out the other end, the overall efficiency of most of these systems is about 
5-10%, including isotope separation. The reason why that number is important, obviously refers to the last 
point I had made, namely that we should and can work very hard in conserving energy— all the way from 
the extraction process to the conversion process and then in the end use processes. 

As far as materials are concerned, that is the subject of another workshop, as you know, but I don’t 
believe that materials are short in nature. I don’t think nature or the supply of materials is the problem, 
but our knowhow in building the alloys needed to have these systems operate at the required temperatures 
and reliability regimes is lacking. The single biggest constraint technically to achieving advanced coal- 
conversion systems and nuclear and nuclear systems, for example, is the materials problem. 

CAPRIOGLIO: If I imderstood it correctly the difference between Scenarios I and 11 concerning the 
amount of solar energy that was taken into account, was due to thermal pollution consideration. Now I am 
somewhat surprised by that, since by using solar energy one is not in fact helping much in terms of thermal 
pollution because one is changing the albeds of the earth. In other words, one is taking more heat out of the 
sun and distributing it as energy available to the population. If you add to that the efficiency of the process 
I don’t think there is any advantage in using solar energy with respect to any other primary source of energy, 
fossil, or fissile. 

ZRAKET: I don’t think that’s entirely true. It is true that the deployment of solar energy collectors, that 
is the collectors themselves, will have an effect on the albedo and we don’t really know how great that effect 
will be, but I don’t think that it vitiates the fact that the net heating overall of the earth is increased signifi- 
cantly less in comparison to fossil fuels if we are careful in what collectors we use and where they are placed. 
If you leave out the change that the collectors themselves make to the albedo, then there is no net thermal 
heating of the earth usmg terrestrial-based solar energy systems. Now you do, for example, transfer the heat 
from where you collect to where you use it, so you end up with local changes. But what we’re worried about 
now is not the transfer from one part of the earth to another part of the earth, but whether or not overall 
on spaceship earth, if you will, the net heating effect is as close to zero as possible. 

LEWIS: I think we had better not continue this discussion at the moment. Let me just say that I think a 
good point was made by Dr. Caprioglio but we need to see this well documented. I was doing a little mental 
arithmetic and this goes for Dr. Zraket too — and I have a feeling he was using a very high albedo for the 
earth when he says that 12 000 million people at 50 thermal kW were going to be producing 1% of the energy 
from the sun. I think the figure is closer to 0.5%. 

ZRAKET: Yes. That’s well taken. 
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INTRODUCTION 

For the sum'val of mankind on this planet, the energy and its resources which maintain 
our social, economic, and technological systems have been recognized as the most import- 
ant and critical problems of the present day. Constituting a characteristic feature of diversity, 
the present cnerg)' system might increase its complicated phase and accelerate the difficulty 
in finding the solution when serious efforts will be neglected. 

The limiting of fossil fuels including oil, coal, natural gas, etc., has been announced by 
many scientists to be almost within 50 years or about 190 Q where one Q corresponds to 
3.35 X lO’ MW/year ahead. Meanwhile, one might say that no critical shortage of energy 
may be expected in terms of long range energy supply and demand on a global scale. The 
possibilities on nuclear fission and fusion energies, and alternative sources of energy such 
as solar, ocean, wind, geothermal, and others have been investigated throughout the world, 
while some of them arc still in earlier stages of research and development. 

Most of the energy resources such as nuclear, geothermal, solar, ocean, and wind energies 
have been localized in a sense, and the transportation problem should be taken into con- 
sideration in the global analysis of future energy systems in addition to the nature, quanti- 
ties, and distribution of energy resources. The limit of growth has often been discussed 
recently, and this sophisticated problem includes many conflicting phases such that developed 
countries may have enough time and funds to develop alternative sources of energy until 
the exhaustion of fossil fuels, while many developing countries have to face the difficulties 
in R & D on new sources of energy and in finding the solution prior to an expected energy 
crisis. However, very few detailed analyses on the problems and predictable factors related 
to zero or minus growth have been made scientifically up to the present, and it seems very 
likely for mankind that he has to decelerate the rate of growth in the near future, closely 
related to the analysis on carrying capacity of his environment. The above-mentioned 
points should carefully be taken into account under the political, social, environmental, 
and psychological viewpoints as well as the background of economy, population, and 
energy resources on the international basis. The international cooperation on problems of 
these types might be feasible and accepted, while the international consensus on energy 
supply and demand must be requested in the later part of R & D on energy resources. 
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BRIEF REMARKS ON ENERGY TRANSPORTATION PROBLEMS 

Generally, the energy transportation must be considered as a part of the processes on 
discovery of energy resources, acquisition, transportation, conversion, and consumption, 
all of which largely depend upon the poUtics and diplomatic problems. Safety factor and 
environmental aspects might be followed with the respective processes and increase the 
weight in economic evaluation of the transportation system. Efforts to reduce the trans- 
portation costs have been focused on the expansion of scale, simplification in the trans- 
portation techniques, concentration of energy density, etc. The intrinsic nature of energy 
consumption systems in future might also result in the change in varieties of energy re- 
sources towards the production of electricity. 

The future energy transportation system may vary from those of the present ones, in 
which five kinds of technology have been developed. A vessel, railway, motor truck, pipe- 
lines, as well as electric wires are the existing transportation techniques in pursuit of scale 
merit on an economic basis. 

Because of limitation by environmental capacity, the future energy conversion system 
might be constructed some distance from an industrialized area, and accordingly request 
the long distance energy transportation system. Unfortunately, transmission of electricity 
is one of the most expensive methods in energy transportation systems, although UHV and 
other transmission methods have been under investigation. 

There might not be strong objection on that the promising energy resources at and after 
the year 2000 might possibly be assigned to the nuclear and solar energies on the earth. In 
the future total energy system, hydrogen fuel technology might join after both the nuclear 
and solar engineering. The transportation system for SNG and NG which might play the 
important role in the medium range energy system will be available for hydrogen trans- 
portation. 

Further, the energy-storage system will be closely related to the transportation system 
because of the localization of energy resources and the time lags in transportation and 
consumption. R & D on storage of electric energy, superconductive technology, micro- 
wave transmission, and other novel technologies might be of great use in future energy 
transportation. On the contrary, an exact knowledge on the relationship between the 
carrying capacity of our environment and net energy to be consumed should be requested. 


THE PROJECT SUNSHINE 

It is a real privilege to introduce the new energy R & D project being sponsored by the 
Japanese Government as one of the patterns to develop alternate sources of energy. 

The Agency of Industrial Science and Technology, Ministry of International Trade and 
Industry of the Japanese Government, has inaugurated the Project Sunshine from the 
fiscal year 1974. The background and purpose of this project are as follows: 

1 . Energy is the source of human activities and the clean environment is an oasis for 
human activities. 

2. For the last decade oil consumption in Japan has grown 3.4 times to that in 1960 with 
average annual increase rate of 11%. 

3. More than 73% of energy supply in Japan depends on imported oil, while stable 
supplies of low cost oil can no longer be expected. 
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The project itself has been started from 1974 with the fiscal budget of 2.44 billion yen 
(40.0 million FF) and trillions of funds will be invested up to the year 2000. 

Nuclear energy is excluded in the project because the R & D systems on nuclear fission 
and fusion energies have already been established by the Agency of Science and Technology 
under the Prime Mim’ster’s OfiEice in Japan. 

Under the present circumstances, an energy project in the long term sense has been 
directed up to the year 2000 by many countries and governmental bodies, and the new 
energy system and the transportation mechanism should be discussed on the basis of 
provision on variation of energy resources and social structure, R & D on energy science 
and engineering, economic growth, and, finally, the international relationship on the global 
scale. 
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LES UTILISATIONS ACTUELLES 

L’apport de I’energie geothermique aux necessites montiales de I’energie est aujourd’hui 
tres petit. 

Un peu plus d’un million de kW installes (v. Tab. 1) en mesure de produire une dizaine 
de milliards de kWh/an. II s’agit de 2% environ des besoins electriques actuels: le petrole 
Equivalent economise correspond a trois millions de tonnes/an, soit 0,5% de I’energie 
primaire. 

II est plus difficile, en raison du caractere incomplet des informations, de dresser le bilan 
de I’energie geothermique utilisee dans le monde pour des applications non electriques 
(chauffage, climatisation, precedes de distillation et de fermentation, sechage d’algues et de 
farines fossiles, industrie papetiere, etc.): les informations du “Symposium des Nations 
Unies sur le Developpement et I’Utilisation des Ressources Geothermiques”, qui a eu lieu a 
Pise en 1970 et quelques publications recentes (Leardini, 1973; National Energy Authority, 
Reykjavik, 1973, etc.) indiquent que Ton dispose pour ces applications de 12 000 Tcal/an, 
soit 1,2 X 10® tonnes/an de petrole equivalent (v. Tab. 2). 

Au total, done, 4,2 millions de tonnes/an de petrole equivalent, soit 0,7% de I’energie 
primaire utihsee a present dans le monde. 

Les sources geothermiques predominantes sont la vapeur naturelle seche ou surchauffee 
(150-260°C) k des pressions qui ne depassent pas les 10-11 ata (Armstead, 1970). 

Des reserves plus vastes sont contenues dans les sources d’eau chaude ou de vapeur tres 
humide. La quantite de chaleur emmagasinee dans les roches chaudes et seches de la litho- 
sphere est encore plus marquante. 

Pour ce qui conceme le cout de I’energie geothermique par rapport aux autres sources, 
on pent faire quelques considerations a partir des informations relatives a la situation du 
1970. 

A The Geysers, le cout de I’energie produite grace a la vapeur geothermique a ete 
0,0053 US S/kWh net. 

Par comparaison, le coQt du kWh produit par une centrale thermique alimentee en fuel-oil 
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Tad. 1. Puissance ciiotlicrmoilcclriquc actucilcmcnl installdc, cn voic d’inslallation ou dc projet 


Puissance installdc (MW) 


Puissance cn voic 

Achdvement 

prdvu 


Partialc 

Totalc 

0/ 

/O 

dc 

installalion 

dc projet 

Italic 

— LardcrcIIo: region 
boracif6rc 

— Rdgion du Monte 

Amiata 

— Serrazzano— Torre Alfina 

380,1 

25,5 

405,6 

36,1 

15 

zProchaincs a nodes 
15 J 1975-1976 

United States 
— The Geysers: 

groupcs 1 + 10 

396 

396<'> 

35.2 

_ 



>» »» • 

groupcs II + 15 
— Salton Sea ct Brady’s 

Hot Springs 

— 

— - 

— 

106"’ 

60'*> 

4060 > 

200O> 

1974-1977") 

1978 

Noiivclle Zeiande 
— Wairakei 
— Kawerau 
— Brodadlands 

192 

10'>> 

202 

18 

— 

1200) 

1976 

Mcxigiie 
— Pathd 

— Cerro Prieto phase) 

- .. (ir ) 

3.5 

75<" 

78,5 

7 

— 

75") 

1976 


Japan 

— Matsukawa ct Otakc 33 33 3 


— Hachimantai 



— 

lO"’ 


1974 

— Onikohbc — Hatchobaru 1 

— 

— 

— 

75(4) 

— 

1975 

— KaK Konda I 

— 

— 

— 

50"> 

— 

1976 


— Hatchobaru 2 — Kak 


Konda 2 — — — — 300''** Prochaincs anndcs 


URSS 

— Pauzhetka 
— Paratunka 
— Kamchatka 

5 

0,75 

5,75 

0,5 

— 

100") Prochaincs anndcs 

Islande 

— Namafjall 

3 

3 

0,2 

— 



El Salvador 

— Ahuachapan (I'’’ phase) 




30 

— 1975 

- „ ar „ ) 

— 

— 

— 

30 

30 1978 

Guatemala 
— Moyuta — Azuleo 

— 

— 

— 

— 

90 Prochaincs anndcs 

Indonesie 
— South Sulawesi 



— 

— 

— 

250'®) Prochaincs annde 

Philippines 

— Leyte, Tongonan, 
Burawen 





100"^ Prochaincs anndes 

— Tiwi — Luzon 

— 

— 

— 

— 

10<®) 1980 

Totals 

1123,85 

1123,85 

100 

376 

1741 — 

") Geothermal Hot Line. 

") Koenig, 1970. Smith, 

1970. 

«“) IGEA, 

1972. Naymanov, 1970. 


(6) Radja, 1970. Geothermics, 1972. Geothermics, 1974. 
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h US S/tonnc s’csl chifTrc a 0,01 US $ ct cclui du kWh produit par unc ccntrale nuclcairc a 
0,012 US S (Robson, 1974). 

L'cxploitation dcs centrales gtSothcrmocIectriqucs italicnncs a about! h dcs resultats 
analogues (Di Mario, Lcardini, 1974). 

En Islandc, Ic “Reykjavik Nfunicipal District Heating Scr\4cc” alimente en cau chaude h 
SO’C les maisons dc la capitate, un prix dc 0,16 US S/Gcal: la chalcur utilisde par Ics 
usages cst en moyenne 42 kcal/kg. Cela comportc un prix dc 3,8 US S/Gcal, dont 1,3 pour 


Tad. 2. Chalcur Rcothcrmiquc disponiblc ct utiliscc dans dcs domaincs divcrscs (Teal/an) 



Utilisations 

Actucllcmcnt 

Disponiblc 

P3>-S 



dans les 


disponiblc 

utilisdc 

prochaincs annucs 

Hongrie 

ChaulTagc tic locaux. Applications dans 





rapriculturc 

3.420''> 

1.200 


Ishnndc 

ChaulTagc dc districts— Applications dans 





I’agriculturc — Sichage dcs diatomites 

3.000'-'> 

1.750 

4.000 

Mexique 

Production d'eau douce 

50 

30(3) 

200 

Nouvcllc Zclandc 

ChaulTagc ct conditionnement dc locau.x. 





Production dc puipe dc bois ct dc 
papier 

950'*> 

500 

2.000 

URSS 

ChaulTagc dc locaux. ChaulTagc dc senes, 





du sol. B.alncothdrapic 

3.500 

1.750'*> 

18.000'*> 

United States 

ChaulTagc ct conditionnement. Extrac- 





tion dc produits chimiques 

1.000"^> 

830 

3.000 

Aulres pays 

ChaulTagc cl conditionnement. Appiica- 





lions dans Pngriculturc. extraction dc 
produits chimiques, balndo llutrapic,’ 
production dc cau douce, etc. 

80 

40 

1.500 


Totals 

12.000 

6.100 

35.700 


Boldizsar, J970. National Energy Authority. t973. Anda el at., 1970. Smith, 1970 
Lokchinc c Dvorov, 1970. Koenig, 1970. 


les forages, les collcctcurs ct les rcscrx'oirs ct 2,5 dollars a titre dc frais de distribution 
(Palmason, Zoega, 1970). Si Ton utilise du fuel-oil a 25 US S/tonne, avee un rendement de 
65%, Ic cout de production ct dc stockage dc I’cau chaude serait 3,8 US S/Gcal (Ic mcme 
que le prix total ct a peu pres trois fois Ic coOt dc production dc la chalcur geothermique). 

Toujours en Islandc, I’installation pour Ic traitement dcs diatomites, en service regulier 
depuis quclques annccs pres du lac Myvatan, a utilise dc la chalcur endogene a un cout de 
2 US S/tonne dc matierc scche, contre les 12 US S n6ccssaircs pour trailer une tonne de 
diatomitc avee la chalcur provenante du fuel-oil (Lindal, 1970). 

L’installation geothermique dc chaulTagc urbain dc la villc dc Sgczcd (Hongrie du Sud) a 
produit dc la vapeur h un coQt dc 3 US S/Gcal, contre 1 1 US $/Gcal pour la chalcur 
ddrivant d’autres sources (Boldizsar, 1970). 

En conclusion, le coflt dc I’cncrgie gtJothcrmoelectrique en 1970 a dte la moitid du coflt 
de I’energic provenant dc sources thermiques ou nucldaires, tandis que la chaleur terrestre 
utilisde pour des applications non dlectriques a coflte 1/3-1 /6 de celle fournic par le fuel-oil. 
L’ccarl s’est accentud aujourd’hui en raison dc la crise pdtrolicrc, qui a plus que triple le 
coQt des combustibles traditionnels dans les pays importateurs. 
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PERSPECTIVES FUTURES 

Lcs tableaux 1 ct 2 rdsument Ics dcvcioppcmcnl prevus dans I’utilisalion dcs fluidcs 
naturels respcctivcmcnt pour la production d’dicctricitc ct pour dcs usages non dlcctriqucs. 

La puissance gdothcrmodlcclriquc installdc dans Ic mondc doubicra ct, peut-etre, tripicra 
dans lcs cinq procliaincs annds ct attcindra un total dc plus dc 3000 MW, si on construit 
lcs installations ddji projetdes dans lcs difTdrents pays, Lcs utilisations actucllcs, dont la 
fig. 1 donne lcs cycles lcs plus significatifs, s’assortiront dans lcs anndcs a venir dc cycles a 


(Z'lo t/h-2io*c-e oto-zor.qoi 

t/^-2l0'C-UQtQ-0V. ^ 

ISt.'.W 


5az 


Turblnoi 


I (a)Cenlralc ii cycle direct a _ I 

T 

-6 


/Tour dc 
fcfrotdissemert? 
d'ccu 


]r 


Extracfcuf 

gaz 


Cotidm'.cjr )X/v7vVA 


Pom PC 


Equ tf fxeco 
(uMQos dverr) 


(blCentfole i cycle direct d condensotion 


160 t/h-2lO‘C JIT 



Turbine 



Tour do 
rclroidisscmcnt 
d'eou 


,Ve'rs 

Unstallatlons 

chimlques 




HQ 


Pompo 


Ecu borique 

(c) Centrole a cycle indirect d condensotion 


- Eou d'execs 
(usages diVers) 


Turbine HP 



Condenseur 


Turbine BP 

Tour do 

— N,^rBf( 0 (dissemon!j 
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Fig. 1. Utilisation diectriques actuelles des fluids endogSnes. 

fluidcs a bas point d’dbullition (freon, isobutane, etc.) et d’installations thermogravimet- 
riques particulieres (v. fig. 2) permettant I’exploitation, a des fins electriques, mdme d’eau 
chaude a 80-200°C (Hansen, 1961 ; Pessina et al., 1970). 

Les previsions que font quelques auteurs a plus long terme semblent moins probables. 
Aux USA, par exemple, un rapport recent (Hickel, 1972) envisage des puissances elec- 
triques de 132 000 MW et 395 000 MW, respectivement pour 1985 et 2000, que Ton peut 
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obtcnir & Taidc d’un vastc programme dc recherche ct de dcvcloppcmcnt dcs rcssourccs 
peothermiques. ToutcFois dcs aulres auteurs font remarquer que, pour rtSaliscr le programme 
dc 132 0CM3 MW dkclriqucs, Ics 685 millions dc dollars prevus nc sent pas sufTisants. 

Supposant qu'on puissc attcindre aussi ii Tavenir Ics importants rcsullats dc The Geysers 
(60% dc forages productifs, 5 MW/forage productif), il faudrait cfrcclucr, cn Ic temps de 
onze anndcs, 42 000 forages, a un coOl moycn par forage de 240 000 US S (y compris Ics 
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Fig. 2. Possibles utilisations dc Pcau chaude gdothermique. 


frais d’exploration); d’oCt unc ddpense tolale dc Tordre dc 10 milliards dc dollars seulcmcnt 
pour produirc le fluidc n^ccssairc (Robson, 1974). 

Le problemc se pose aussi dc savoir comment Ics compagnics dc forage engagees dans 
I’cxploration g6othcrmiquc aux USA ct rialisant unc ccrtainc dc forages/an, pourront et 
voudront (etant donnds Ics forts risques) fairc front a dcs engagements 40 fois supdrieurs. 
II conviendra 6galcmcnt dc controlcr sur le plan cxp6rimcntal (la chose la plus importante, 
i notre avis) si les forages futurs produiront du fluidc au d6bit unitaire actuel. 

Au Japan, les scientifiques ont estime le d6veloppcmcnt g6othcrmique futur i 30 000- 
140 000 MW (Finn. 1972), 
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L’cxpdricncc italicnnc conscillc i cct 6gard dcs previsions moins optimistes pour Ics 
raisons suivantes: 

— il est possible (dcs dizaincs dc cas sc sont produils a Lardcrcllo) dc trouver dcs puits 
ayant dcs d6bits initiaux supdricurs h 300 l/Ji dc fluidc cl capablcs d’alimcnlcr dcs 
groupcs dicctrogcncs qui depassent 30 MW: mais ccs puissances tombent rapidement 
avee Ic temps, notamment avee I’inlcnsification dcs forages dans la memo r6gion. 

— au cours dc I’cxploitalion d’un champ vaporiferc, il faut non sculcmcnt trouver Ic 
fluidc pour dc nouvcllcs installations mais encore pourvoir a la diminution naturcllc 
dcs puits cn exploitation. 

— si Ton dtend la zone dc forage, cn gdndral Ic pourccnlagc dcs forages produclifs, Ic 
ddbit par forage ct la disponibilit(5 dc fluidc par km^ tombent; 

— I’intensification dcs forages dans la mcme zone augmente la profondcur moyenne (ct 
done Ic coQt) dcs forages. 

Les donndcs Ics plus significalivcs du ddvcloppcmcnt gcothcrmiquc dans Ics zones dc 
Lardcrcllo, Travalc ct Monte Amiata (v. Tab. 3) conflrmcnt ccs considerations: 


Tab. 3 


Situation gcothcrmiquc italicnnc au 31 Ddccmbrc 

1950 1955 

1960 

1965 

1970 

SoufUards cn exploitation (n°) 

95 

150 

171 

ISO 

199 

Debit total dc fluidc (t/h) 

2220 

2600 

2840 

3340 

3500 

Debit par forage productif (t/h) 

23, 

4 17,3 

16,6 

15,8 

17,6 

Zone cxplor6c (km^) 

5 

10 

50 

150 

215 

Debit par km* (t/h) 

440 

260 

56,8 

— V *- 

22,3 

16,3 

Puits acheves: productifs ( 0 ”-%) 


72-65 51-60 41-38 32-41 

stdrilcs (n°-%) 


39-35 34-40 67-62 45-59 

Perforation cflcctudc (ml) 


67.850 69.110 98.080 72.610 

Profondcur moyenne dcs nouveaux puits (ml) 


672 

823 

908 

943 

Increment dc fluid par puit (t/h) 


3,8 

2,9 

4,6'» 

2,1 


Cas particulicr, du i Tcxplosion du forage PC/8 — Monte Amiata (310 t/h). 


Pour ce qui concerne les autres applications dcs Guides endogenes, on peut prevoir 
les memes developpements futurs que pour la production d’energie electrique (v. Tab. 2). 
Il s’agit de I’utilisation dcs fluides geothermiques ayant unc temperature peu elevee (environ 
50°C) jusqu’a des fluides provenants de gisements a haute temperature (220-250°C). A 
cote du chauffage et de la climatisation de locaux civils et ruraux (habitations, serres, etables 
pour I’elevage de betail), on propose une serie d’applications qui vont du chauffage des 
terrains agricoles a I’elevage d’anguilles et de crocodiles, du sechage du bois, des algues et 
des farines fossiles a la production de papier, de la production d’eau douce (ou lourde) de 
I’eau saumatre a I’extraction de produits chimiques des memes eaux (chlorure de sodium, 
bromures, magnesium, bore, souffre, etc.). Les systemes, combines (par exemple, produc- 
tion d’61ectricite et chauffage, production d’eau douce et extraction de mineraux, etc.) sont 
envisagees avee un interet croissant et on peut estimer que les fluides geothermiques a 
haute enthalpie seront de plus en plus rationellement employes non seulement pour la 
production d’energie electrique, vu le cout peu eleve de la chaleur endogene. 
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NOUVELLES ETUDES: LA “CHALEUR SECHE” 

Des calculs et des experiences recents ont montre que deux tiers de la chaleur terrestre 
sent contenus dans les roches profondes et le reste dans les fluides qui les impregnent 
(Facca, 1970): d’oi Timportance que prendrait I’extraction de la chaleur des roches 
(“chaleur seche”). 

A une dizaine de km de profondeur, on pourrait trouver des roches a une temperature 
relativement elevee, avec un gradient de temperature normal (30°C/km), auquel correspond 
en moyenne un flux calorifique terrestre par conduction de 1,5 cal/cm^ sec. Mais des 
regions etendues montrent des gradients (et done des flux de chaleur) trois, quatre fois 
superieurs (Goguel, 1970); on pent y trouver des roches chaudes a 250-350°C, a une 
profondeur de 2-4 km, accessible grace a la technologie actuelle de forage. 

Supposant que la chaleur specifique de roches compactes, telles que celles qu’on trouve 
a ces profondeurs (granits, schistes, etc.), soit 0,25 kcal/kg °C et que la densite respective 
soit 2,65 kg/dm^ (Harlow et Pract, 1972), un km^ de matiere, refroidie de 350° a 300°C, 
fournirait 35 X 10^^ kcal, soit environ 40 milliards de kWh thermiques. 

Moyennant les cycles pour I’utilisation electrique proposes recemment et comportant des 
turbines a vapeur et des turbines alimentees en fluides a bas point d’ebulhtion (isobutane, 
freon, etc.), on prevoit des rendements totaux de I’ordre de 20%. Par consequent, par la 
chaleur de un km^ de roche refroidie de 50°C, on peut produire 8 milliards de kWh, cor- 
respondant a peu pres a la production annuelle geothermoelectrique dans le monde. 

Si a la chaleur terrestre on ajoutait d’autres sources de chaleur (par exemple I’energie 
nucleaire), les rendements et les resultats seraient meilleurs. 

L’idee de developper artificiellement I’energie geothemique en I’associant a des explosions 
conventionnelles ou thermonucleaires tres profondes, dans des regions a gradient thermique 
eleve, a ete suggeree pour la premiere fois par un Fran9ais (C. Rougeron, 1956). Le projet 
Plowshare de I’Atomic Energy Commission, avec I’explosion souterraine effectuee en 
Septembre 1957 sur un terrain experimental dii Nevada, semble avoir entraine des resultats 
encourageants, si bien que le Dr. Edward Teller, le createur de la bombe H, a affirme que 
“I’energie three de cet explosif est beaucoup plus economique que celle de ses concurrents, 
energie atomique ou petrole, au prix d’aujourd’hui” {V Express, Septembre 1973). 

Afin que le champ geothermique artificiel puisse fonctionner, il importe qu’il y ait en 
profondeur des canaux ou des failles a I’interieur desquels I’eau a chauffer, souterraine ou 
pompee de la surface, puisse circular. 

Cela, selon bien des scientifiques, n’arrive pas parce que les fractures produites par 
I’explosion atomique se ferment presque immediatement et leur reouverture artificielle 
augmenterait trop le cout. 

Par consequent, le projet s’est transforme: on envisage de capter la “chaleur seche” des 
roches d’une maniere plus simple. La fig. 3 schematise le nouveau procede suggere par le 
“Los Alamos Scientific Laboratory”. 

Le projet veut reproduire artificiellement le phenomene qui dans le champ geothermique 
classique se produit naturellement. II s’agit en fait d’introduire, moyennant un puits avec 
un tubage approprie, un fluide vecteur (eau) dans des terrains a des profondeurs adequates; 
de creer, en profondeur, des fractures artificielles permettant un meilleur echange de chaleur 
entre les roches chaudes et I’eau de circulation; de reporter a la surface, moyennant un deux- 
ieme forage parallele au premier, le fluide vecteur chaufie; d’utiliser cette chaleur de la 
meilleure fa^on, tant pour la production d’electricite que pour d’autres applications. 
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Une publication tres interessante du Los Alamos Scientific Laboratory montre la sequence 
des operations pour realiser le projet: 

a) Selection du site: il s’agit de choisir des zones avec des situations geologiques-geo- 
thermiques favorables; on doit notararaent controler I’existence de couches profondes peu 
permeables et de gradients thermiques supdrieurs h la moyenne. 

b) Realisation du premier forage (plus profond), avec les diametres ordinaires des forages 
geothermiques (~9") et des profondeurs variables selon la thermalitd des terrains (ordre de 



grandeur 3-4 km). La realisation du puits, avec un tubage bien cimente, fournira des 
elements sur les caracteristiques geologiques et thermiques des complexes traverses, tres 
utiles au developpement futur du projet. 

c) Fracturation initiale des roches au fond du forage, par la methode de 1’ “hydrofrac- 
turing” utilisee tres souvent par I’industrie petroliere et qui, essentiellement, consiste a 
pomper en profondeur de I’eau a haute pression (environ 200 kg/cm^ a la tete du forage); la 
pression de la pompe, ajoutee a la pression hydrostatique de la colonne de perforation, 
provoque des contraintes qui fracturent les roches de fond du puits. Des enquetes mathe- 
matiques, confirmees par des experiences directes, ont mis en Evidence que la fracturation 
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initiale est en theorie representee par une fissure circulaire, orientee verticalement, a section 
elliptique, dont on parlera ensuite. 

d) Realisation du deuxieme forage (moins profond), a efiectuer a plusieurs dizaines de 
mtoes de distance du premier, avec des diametres analogues au precedent mais eventuelle- 
ment sans tubage dans la demiere partie. Si Ton utilise les techniques du forage devie on 
devra atteindre la cavite produite par la fracturation initiale des roches et etablir la com- 
munication avec la colonne d’eau pressurisee du premier forage. 

e) Fracturation finale des roches: une fois que Ton a etabli la communication entre les 
deux forages, on acheve V “hydrofracturing” de la zone au fond du puits jusqu’aux dimen- 
sions necessaires. 

f) Circulation de Veau pressurisee: elle doit etre entamee a I’aide d’une pompe; a mesure 
que I’eau se chauffe en profondeur, on etablit un systeme a thermosiphon par differente 
densite du fluide dans la colonne descendante et ascendante qui porte a la surface I’eau 
pressurisee, dans des quantites considerables (Smith, 1973). 

g) Utilisation de la chaleur a la surface: comme il I’a ete fait noter, la transformation de 
la chaleur d’eaux chaudes pressurisees en energie electriquepeut-etre eflfectuee par des cycles 
binaires, comprenant des echangeurs de chaleur, des turbines a vapeur et des turbines ali- 
mentees en fluides a bas point d’ebuUition. 

Afin d’eliminer les pertes de fluides et d’eviter la pollution atmospherique, les turbines 
prevues sont equipees de condenseurs a air. Ces sont evidemment des installations plus 
onereuses que celles en service jusqu’ici, mais elles donnent lieu a des rendements si eleves 
qu’elles devraient compenser la complexite supplementaire d’installation. 

Le cout de I’energie qu’on peut obtenir, grace a ces systemes, de la “chaleur seche” est 
estime a 4,7 et 8,0 mills/kWh utilisant respectivement des roches chaudes a SOO^C (et des 
centrales de 100 MWe a double cycle) et des roches a 175°C (et des centrales de 100 MWe ^ 
isobutane). Ces couts se rapportent a 1970 et sont comparables a 11,8 mills/kWh et 13,3 
mills/kWh, pour I’energie nucleaire et, respectivement, pour I’energie thermoelectrique 
produite dans la meme periode dans la zone de New York (Brown et ah, 1972). 

Quelques considerations sur ce projet: 

— grace a la technique actuelle de perforation geothermique, on peut surmonter les 
difficultes relatives aux forages profonds. A LardereUo aussi on a efiectue des forages 
de plus de 2700 m, avec des diametres minimum de 9|s (environ 245 mm). Les tech- 
niciens de Los Alamos prevoient en outre I’application industrieUe du nouveau 
systeme de perforation qu’ils ont invente en 1960 a I’echelle de laboratoire (“the rock- 
melting drill”). Le developpement de reacteurs nucleaires compacts ainsi que de 
circuits thermiques speciaux font entrevoir la possibilite de fondre des terrains et des 
roches et d’effectuer des forages ayant un diametre de plusieurs metres et profonds de 
quelque dizaine de kilometres, a des couts particulierement bas (Robinson et ah, 1971); 

— de mSme, la fracturation de roches profondes ne devrait pas presenter des imprevus 
importants, si Ton utilise les techniques standard appliquees a present et relativement 
peu couteuses. Halliburton, par exemple, fait etat des resultats positifs obtenus par 
r “hydrofacturing” dans des forages profonds de 3700-4500 m dans le Texas occidental 
(Halliburton Service, 1971); 

— en revanche, la realisation du circuit ferme de circulation de I’eau s’avere comme plus 
complexe. Tout en ayant recours aux techniques de forage devie, il apparait difficile 
d’ “aller pecher”, par le deuxieme forage, la fracture provoquee par T “hydrofrac- 
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turing”, tres etendue verticalement mais tres restreinte (quelque dizaine de centimetres) 
en section horizontale. Quelques-uns pensent a des explosions profondes, peut-etre 
conventionnelles, pour faciliter la liaison hydraulique entre les deux forages; 

— il semble impossible de transferer la chaleur dans la quantite d&iree (227 millions de 
kcal/h soit 264 MW) par un seul systeme forages-fracture. Si Ton assimile la frac- 
turation profonde a un cylindre de hauteur minime, avec I’axe horizontal, on peut 
imaginer que le changement de chaleur de la roche a I’eau s’effectue le long des deux 
bases du meme cylindre, placees sur des plans verticaux parall^es et tres proches Tune 
de I’autre. D’apres des calculs qui ne pretendent indiquer qu’un ordre de grandeur, 
si Ton suppose que le coefficient d’apport thermique est 6000 kcal/h m^ °C et que la 
difference moyenne de temperature roche-eau soit 150°C, la surface de contact est 
environ 2,52 x 10® m^ et le diametre de chaque face (supposee plane) est 2,5 km 
comme prevu. 

Mais, compte-tenu du refroidissement progressif de la couche de roche en contact 
avec I’eau et de la faible conductibilite des roches (6,2 x 10® kcal/s cm °C), une zone 
fracturee avec un diametre de 1 km permettrait I’extraction de 1,3 x 10^^ kcal pour 
vingt ans, soit une puissance thermique de 89 MW (Robinson et aL, 1971): avec un 
diametre de fracture de 1,25 km, la puissance disponible monte a 139 MW. 

11 faudrait toutefois deux systemes puits-fracture pour fournir les 264 MW thermiques 
necessaires a I’installation generatrice prevue et cela mettrait en doute les resultats 
economiques expliques jusqu’ici. Les scientifiques americains esperent que le pheno- 
menede rupture des roches en voie de refroidissement par contrainte thermique pourra 
faciliter d’une maniere considerable I’elargissement de la fracture initiate et le transfert 
de la chaleur terrestre (Harlowe Pract, 1972). 

— des pertes d’eau dans des eventuelles failles des couches profondes ne permettraient 
pas de realiser le projet, puisqu’il serait impossible de maintenir les pressions neces- 
saires a la circulation du fluide vecteur. En outre une centrale electrique telle que celle 
a la fig. 3, pourrait produire de I’energie electrique pour une communaute typique de 
60 000 habitants: cette communaute utilise, en moyenne, 18 000 m cubes d‘eau/jour. 
Une perte de 10% de I’eau utilisee dans I’installation geothermique priverait la com- 
munaute du 13% de I’eau, en general potable, dont elle a besoin. 


CONCLUSIONS 

L’cncrgie geothermique fournit a present un apport tres modeste (0,7%) aux besoins de 
riiumanite: par le triplement prevu et possible des installations de production delec- 
tricite et de chaleur pour d’autres applications (chauffage, climatisation, distillation, sechage, 
etc.), I’apport en pourcentage de la geothermic doublera dans la prochaine decennie. 

Quclques previsions a plus long terme (500-600 GW electriques, soit environ 10% de la 
puissance installec prevue dans le monde pour I’an 2000) ne semblent pas realisables avec 
les moyens actucis de recherche et d’utilisation de la chaleur endogene. La realisation 
d'unitcs alimentees en chaleur scchc des roches, portce artificiellement a la surface, pourrait 
apporter une contribution decisive au developpcment de la geothermic. Les experiences en 
cours sont tres hardies et temoignent de la capacite d’imagination de THomme: pour en 
obtenir dcs resultats apprcciables au point de vue industriel, il faudra, toutefois, y travaillcr 
nombre d’annees 
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SUMMARY 

The contribution geothermal power gives to meet energy requirements in the world is 
minimum: it is roughly equal to 4.2 tons of oil, namely 0.7 for each thousand of the primary 
energy resources which are now utilized in the world. 

Up to now the prevailing geothermal sources have been superheated or slightly humid 
steam (150-250“C) and pressurized waters (150-230°C). Greater reserves of endogenous 
fluids are to be found in hot water or wet stream; even greater is the amount of heat con- 
tained in dry hot rocks. 

In 1970 geothermoelectric energy costs were half those recorded in thermal or nuclear 
energy production, whereas costs for the non-electric utilizations of geothermal fluids 
ranged from one-third to one-sixth as compared with fuel oil costs. Lately the difference 
in costs has become more evident on account of the well known crisis in oil production and 
distribution: costs of conventional fuel oil quadrupled in importing countries. 

Therefore, industrialized and developing countries have become more and more inter- 
ested in geothermoelectric energy. Within the next five years the total geothermal capacity 
in the world is expected to double and perhaps to triple, totalling more than 3000 MW if the 
scheduled new installations are put in operation. 

As regards prospects for the future development of the non-electric utiUzations of endo- 
genous fluids, they are at least not different from what is expected from their exploitation for 
electricity generation. In non-electric applications use is made of both low temperature 
(around 50°) and high temperature (200-250°C) geothermal fluids. In addition to space 
heating and airconditioning in urban and rural areas (houses, greenhouses, stables, etc.), 
endogenous fluids may be utilized for many other purposes: from farming heating to fish 
and alligator hatching, from drying processes (wood, seaweed, diatomite flour) to paper 
milling, from the desalination of brackish water to the extraction of the chemicals there 
contained (sodium chloride, bromide, magnesium, boron, sulphur, etc.). 

From the investigations that have been carried out lately, it results that two-thirds of the 
terrestial heat are contained in deep, hot, dry rock layers and the rest in the endogenous 
fluids there circulating; it is therefore self-evident how important the system for harnessing 
heat from deep rocks would be for a better development of geothermal power production. 

The idea of developing geothermal energy artificially by harnessing the heat given by 
conventional or thermonuclear explosions in deep rock layers was suggested for the first 
time by Mr. C. Rougeron in 1956; the Plowshare project of the Atomic Energy Commission 
consisted in the underground explosion of an atomic bomb and was carried out in the 
Nevada Desert in September 1957. On the basis of the successful results achieved on that 
occasion. Dr. E. Teller, the inventor of the H-bomb, stated that “the energy harnessed by 
means of this kind of explosive is much cheaper than the one which can be obtained by 
petrol or by nuclear power stations”. 

However, to accomplish this project it is necessary to make the artificial geothermal field, 
that is to say the chimney, in a rock having fractures through which the underground water 
or the water pumped down from the surface may freely circulate. 

According to some experts that cannot be done in the above-mentioned project since the 
fractures produced by nuclear explosion are self-sealing and their artificial reopening would 
be too expensive. 

As a consequence, the original project has been transformed and today’s efforts are aimed 
at harnessing the heat content of hot dry rocks in a way which may be easier. A new project. 
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which has been proposed by the Los Alamos Scientific Laboratory, aims at the artificial 
reproduction of a phenomenon which is naturally produced in conventional geothermal 
fields. The way of acting is to introduce from the surface a fluid, for instance water, by 
means of a well having an appropriate depth, to wit 4-5 km; rocks must have a high tem- 
perature and be completely waterproof. At the aforesaid depth, fractures will then be pro- 
duced allowing a better exchange of heat between the hot rocks and the circulating water 
which will be carried to the surface through a second well, which is parallel to the first. The 
hot fluid may then be transformed into electricity or utilized for other purposes. 

After describing the operations which are necessary for the development of this project 
and the difiSiculties to be coped with, the authors come to the conclusion that today geo- 
thermal energy gives a negligible contribution to the world energy requirements : geother- 
moelectric plants are expected to triple and their capacity both for electricity generation 
and heat-requiring processes (space heating, air conditioning, distillation and drying pro- 
cesses, etc.) to double in the next 10 years. 

Some long term forecasts, such as 500-600 GWs equal to 10% of the total geothermal 
capacity to be installed in the world in the year 2000, are not likely to be fulfilled on account 
of the current inadequate means of investigation on and utilization of endogenous fluids. 

Should power plants be fed by the heat flow of dry rocks, artificially carried to the surface, 
the increase in geothermal production would be considerable. The experiments which are 
by now being carried out are very diflScult and advanced and show the inventive power of 
men; many years are stiU to pass before achieving appreciable results from geothermal power 
exploitation in industrial activity. 
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DISCUSSION 


LEWIS : Before inviting a question, let me make a comment. We should certainly look to hydrogen as the 
best storable first stage from the spare electrical energy. As we know, in large scale electricity production 
one of the problems is that the energy is not readily storable. We can store some by pumped water storage, 
but we are keenly looking into putting it into hydrogen for its use in various ways. Because it is very impor- 
tant to keep the generators turning, we do not want to start and stop the electrical generators — ^that is 
extravagant. So we’re very keen on these new processes. 

DATTA: I agree with Dr. Caprioglio that hydrogen definitely is one of the materials we have to look for 
as a source of energy, but of the two methods you have described or would suggest, one is electrolysis which 
is fairly developed, and the other is the chemical method by closed cycle. We in our country tried to do 
something in these respects and the economics did not work out favourably, at least for the conditions in 
our country. I should be more exact; the cost of one unit of power (kWh) is, say, about 10 parse (one-tenth 
of 1 rupee), corresponding to about 0.2 cent (French); even under these conditions, it does not work out 
economically using hydrogen as a source of power. So such a situation has led us to search for other ways 
of producing hydrogen. One such method is the heating of water in the presence of lithium nitrate; another 
method is the photolysis of water using plasma radiation, and also the biochemical method; we are concen- 
trating on producing methane rather than hydrogen; we have been trying to do all these, but I know that 
we have a long way to go. But we feel that one of these might bring down the cost to an acceptable value. 
Tentatively, in a preliminary way, we consider, one of these two methods may perhaps be satisfactory for 
India. 

CAPRIOGLIO : Obviously this subject would allow us to discuss methods for hydrogen production for the 
whole day at least. But I should like to qualify what I’ve said in the sense that I’ve limited myself to those 
methods that would leave us a hope of being ripe before the end of the century, let’s say in 25 years. In 
other words, methods that exist already, or are on the verge of existing on the laboratory scale, so that one 
would need something like 15 years for industrial development. I’ve quoted these two lines — electrolysis and 
close cycle thermal reactions. Concerning photolysis, I think this a promising route if you lake much longer 
periods of time, and it would probably require fusion one day to do it properly. Concerning the straight- 
forward heating of water in the presence of whatever separation method — physical, chemical — one can 
think of. I’m a bit more skeptical, but I must confess that I know loo little about the process that is being 
followed in India to make any judgment. So, first, I would rather have a discussion on the method itself 
before giving an opinion. On the economics side, I’ve said that the electrolysis looks veiy poor at present, 
and I think what you have said confirms this. Electrolysis looks very poor if one adds to the capital costs 
of the electrical plant, the rectifiers because one needs direct current, and then the electrolytic cells. If you 
add poor efficiency to that, this is really hopeless. I think, however, it is worth pursuing the development 
because of the progress likely to happen in the field of electrolytic cells once the modem technology of fuel 
cells will be applied. I think that one order of magnitude in power density is possible and increases in effi- 
ciency from 65 to 80 or 85%. And that may make a difference. Concerning the chemical cycle, the main 
uncertainty is the capital cost of the chemical plant. We don’t know enough about that. Generally speaking, 
I’m rather optimistic — ^for one reason; if )'Ou take all existing chemical plants for producing whatever 
product you can think of, they cost very similar prices to the unit energy handled. So I don’t expect a hydro- 
gen plant to be much different from that. Admittedly, this is a very rough argument. The other reason for 
being optimistic is that the market is very easily accessible because it involves a spread of values for hydro- 
gen. It’s not like making electricity, where you are either below or above making electricity with fossil fuel. 
This was the trouble with nuclear energy' for something like 10 or 15 years. Because there was a threshold; 
either you were in or out. In the case of hydrogen this is not the case because there is a large fraction of the 
market that already uses very expensive hydrogen. That is relatively easy to conquer. The more you can get 
down with your price, the bigger the share of the market you can reach. And so on and so forth. Where can 
you arrive? I don’t know. You may stop only at the “chemical” hydrogen alone, but that only would be 
worthwhile of a serious and even expensive development. 

ZRAKET ; You may have covered this in your remarks, Doctor, but I may have missed it in (he translation. 
Given that we may get an economically viable process for production of hydrogen in the future, and given 
that we will develop fuel cells so that wc can use them in production of electricity, would you say something 
about the possibility of actually using the hydrogen to produce methane because of the infrastructure wc 
will have built up in using methane in many areas? Do you find that a useful thing to think about? 
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CAPRIOGLIO: I have not covered this. In fact the field is so vast that it was impossible to talk about 
everything. I think that the future of methane lies very much more in coal than in hydrogen. I can imagine 
for a very long time to come that the natural gas system will survive the shortage of natural gas through 
synthetic natural gas made by coal — ^maybe with nuclear help, but that’s another matter. Hydrogen will 
only reach the pipeline stage at the end of its career. When hydrogen will be cheap enough to be worthwhile 
to build a large hydrogen pipeline network, this means that hydrogen will have achieved the rock bottom 
value for energy, competitive with any other. At that time it would make no sense to mix methane with it. 
This, at least, is my opinion. 
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I. INTRODUCTION 

Un bref expose sur la fusion thermonucleaire controlee peut paraitre une gageure puis- 
qu’il s’agit d’un sujet deja tres vaste quoiqu’encore relativement recent. On peut mesurer 
sommairement I’eAFort mondial de recherche dans ce domaine en disant que plusieurs 
milliers de chercheurs s’y consacrent depuis 15 a 20 ans dans au moins une douzaine de 
grands laboratoires repartis dans le monde. II ne peut done etre question de faire ici, meme 
un resume des resultats obtenus. D’ailleurs, le sujet de cette conference invite a prendre 
beaucoup de recul. Si Ton considere I’ensemble des actions souhaitables pour I’avenir de 
rhumanite, les recherches sur la fusion controlee n’en constituent evidemment qu’une tres 
petite parcelle. De ce point de vue tres eleve, il est clair qu’il faut surtout apprecier les 
chances d’aboutir et les delais necessaires et voir quelles seraient les principales carac- 
teristiques de la nouvelle source d’energie qui serait ainsi ouverte. C’est ce que nous tenterons 
de faire dans cet expose. 


II. PRINCIPE DE LA FUSION THERMONUCLEAIRE CONTROLEE 

Essayons d’abord de rassembler rapidement les notions les plus utiles sur le principe de 
la fusion controlee. 

Comme dans le cas maintenant classique de la fission, il s’agit de produire de I’energie 
avec des reactions nucleaires. Mais au lieu d’avoir recours a des noyaux lourds comme 
I’uranium, on cherche a utiliser des noyaux legers en s’inspirant de la source d’energie des 
etoiles. En pratique le combustible envisageable sur terre ne peut etre constitue que par 
deux isotopes de I’hydrogene: le deuterium et le tritium. Les reactions possibles sont alors 
1 s suivantes; 


D+D-^T+p + (1,0 + 3,0) MeV 
D + D-J- ^He + n + (0,8 + 2,4) MeV 
D + T ^He + 7Z + (3,6 + 14,1) MeV 

Les deux branches de la reaction (D,D) sont a peu pres egalement probables. Les deux 
nombres indiques entre parentheses sont les energies moyennes emportees par chacun des 



90 


M. TROCHERIS 


produits de la reaction; la somme des deux donne I’energie liberee par la reaction. Comme 
nous le verrons plus loin, la reaction (D,D) offrirait en principe une solution ideale au 
probleme de I’energie a tres long terme puisque le deuterium se trouve en quantite quasi- 
illimitee dans I’eau naturelle d’oii il est facile a extraire. Malheureusement, a energie 
cinetique egale des noyaux, la section efficace de la reaction (D,D) est environ 100 fois 
plus faible que celle de la reaction (D,T). Aussi, dans la phase actuelle des recherches, 
n’envisage-t-on que la reaction (D,T) pour une production pratique d’energie. 

Le principal inconvenient de cette reaction est evidemment que le tritium n’existe pas 
dans la nature. II peut etre produit artificiellement en absorbant des neutrons dans du 
lithium et la reaction (D,T) fournit justement le neutron necessaire pour regenerer le 
tritium brule. II y a done la un principe possible d’^nergie nucleaire a partir de deux elements 
naturels, le deuterium et le lithium. 

II faut noter aussi que dans la reaction (D,T) la plus grande partie de I’energie liberee (en 
fait 80%) apparait sous la forme de I’energie cinetique du neutron, ce qui est une forme 
d’energie pour le moins inhabituelle. 

Voyons maintenant brievement comment il est possible de produire effectivement cette 
energie. La seule solution est de suivre I’exemple des etoiles et de porter le combustible a 
des temperatures de dizaines de millions de degres pour qu’il reagisse. En deux mots, le 
probleme fondamental de la fusion controlee est alors de maintenir le melange de deuterium 
et de tritium dans les conditions requises de temperature et de densite, de fa^on que la 
combustion thermonucleaire produise plus d’energie qu’il a fallu en depenser pour “allumer” 
le melange. C’est la solution de ce probleme qui fait I’objet des recherches actuelles et deux 
voies tout a fait differentes sont explorees : 

— la premiere est la voie du confinement magnetique: on utilise des champs magnetiques 
puissants comme recipients pour contenir ou “confiner” le combustible en profitant 
du fait qu’il se trouve a I’etat de gaz completement ionise ou “plasma”; 

— ladeuxieme peut etre appelee la voie des explosions: on utilise un combustible tres 
dense subissant la fusion tres rapidement avant qu’il ait le temps de se disperser, 
compte tenu de son inertie. On espere pouvoir realiser cette situation en irradiant un 
grain solide de melange deuterium-tritium a I’aide de lasers tres puissants. 


III. LA FUSION PAR CONFINEMENT MAGNETIQUE 

Essayons maintenant de faire un bilan rapide des recherches dans la voie du confinement 
magnetique. Ces recherches occupent les laboratoires de fusion controlee depuis 15 a 20 
ans, aux Etats-Unis, en URSS et en Europe occidentale. Malgre son enorme difiiculte, le 
probleme du confinement magnetique a ete mene maintenant assez pres de sa solution. Il 
faut noter que cette dijEculte n’a pas un caractere principalement technique, mais qu’elle 
est au contraire de nature tout a fait fondamentale. Le confinement d’un plasma par un 
champ magnetique etait, il y a 20 ans, un grand chapitre vide de la physique qu’il a fallu 
ecrire patiemment. La physique du quatrieme etat de la matiere que constituent les plasmas 
etait tout entiere encore dans I’enfance et les laboratoires de fusion controlee ont du prendre 
son developpement en charge dans une large mesure. 

Pour pouvoir evaluer I’importance des resultats obtenus, il faut poser le probleme en 
termes quantitatifs, au moins approximatifs. Les conditions physiques requises pour la 
combustion thermonucleaire portent principalement sur trois grandeurs: la temperature du 
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combustible, sa densite et le temps de confinement. Pour la reaction (D,T) la temperature 
doit etre entre 50 et 100 millions de degres. Le temps de confinement doit etre assez long 
pour que le combustible soit brfile dans une proportion suffisante avant d’etre disperse, 
Comme la vitesse de reaction est proportionnelle a la densite du combustible, la condition 
porte en realite sur le produit de la densite par le temps de confinement. Si n designe la 
densite, mesuree en nombre de noyaux de D ou T par cm^, et si t designe le temps de con- 
finement en secondes, la condition s’ecrit, pour la reaction (D,T) : 

ni > 10^*^ cm“^ s (critere de Lawson) 

Les densites envisag&s varient en pratique de 10'“* a lO"' particules par cm^ et les temps de 
confinement correspondants vont de 1 seconde a 1/100 de seconde. 

11 faut maintenant situer les rcsultats des recherches par rapport a ce critere. II est im- 
possible de passer cn revue les types tres differents de dispositifs de confinement qui ont ete 
experimentes. Bomons nous a signaler que les meilleurs resultats ont ete obtenus jusqu’a 
present avec des dispositifs d’une famille bien particuliere, originaire de I’lnstitut Kurt- 
chatov de Moscou, qui porte le nom de “Tokamak”. L’un des demiers nes de cette famille 
est I’appareil TFR du Centre d’Etudes Nucleaires de Fontenay-aux-Roses qui se trouve 
actuellement en tete par ses performances. Le plasma a la forme d’un anneau qui est 
plonge dans un champ raagnetique et parcouru par un courant. L’intensite de ce courant 
est le parametre le plus caractcristique des performances : elle a atteint recemment 300 kA, 
alors qu’elle ne depassait pas 200 kA dans les autres appareils Tokamak. L’energie moyenne 
des electrons est de 2 kilo-electron volts (keV) et celle des ions atteint 1 keV. Cette demise 
energie correspond a une temperature de 10 millions de degres. La duree de la decharge est 
normalement d’une demi seconde, mais le temps de confinement de I’energie, t, qui est la 
vraie grandeur a considerer dans le critere de Lawson, varie entre 10 et 20 ms, alors que la 
densite n est d’environ 5 x 10'^ ions ou electrons par cm^. Dans les meilleures conditions, 
le produit iit atteint presque 10'^ cm~^ s, a comparer a 10'“* pour satisfaire au critke de 
Lawson. II reste done a gagner un facteur 100, ce qui n’est pas effrayant; en effet, I’accroisse- 
ment des dimensions gcometriques pent facilement faire gagner un facteur 10. Le deuxieme 
facteur 10 devra etre gagne en augmentant la temperature et eventuellement en augmentant 
la densite. 

Un projet de grand appareil du type Tokamak capable d’atteindre le critere de Lawson 
est actuellement en cours d’ etude dans le cadre d’une collaboration entre les laboratoires 
europeens. 11 est probable qu’un tel appareil pourra etre construit d’ici 1980, ce qui donne 
une idee du delai dans lequel le probleme du confinement magnetique peut Stre finalement 
resolu. 

Une fois franchie cette etape importante, il restera a realiser la r&uperation de Fenergie 
et la regeneration du tritium. Comme on Fa vu, Fessentiel de Fenergie est emporte par les 
neutrons qui s’echappent necessairement du plasma thermonucleaire peu dense. Cette 
energie apparaitra sous forme thermique dans le milieu oh les neutrons seront ralentis et 
absorbes. Par centre, Fenergie cinetique des particules alpha est dissipee dans le plasma et 
permet d’y maintenir la temp&ature convenable. Des etudes de principe ont deja ete faites 
et ont montre qu’un reacteur de ce type etait concevable, y compris la regeneration et 
meme la surregeneration du tritium en absorbant les neutrons dans du lithium. Toutefois 
il est clair que les reacteurs thermonucleaires poseront des problemes technologiques tres 
difiiciles. 
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IV. LA FUSION PAR LASER 

Une voie de recherche tout ^ fait diffdrente est celle des explosions comme nous I’avons 
vu au debut. II doit s’agir naturellement d’explosions suffisamment petites pour permettre 
une production d’energie utilisable dans des conditions industrielles normales. C’est 
seulement recemment qu’une ouverture prometteuse est apparue dans cette voie grace au 
developpement des lasers de puissance et k des travaux th6oriques faits principalement dans 
les laboratoires militaires. L’idee cl6, declassifide depuis peu, est de realiser une compression 
du combustible jusqu’a des densitds tres supdrieures a la densitd du solide, ce qui permet 
une combustion beaucoup plus rapide. Le principe est de mettre le melange de deuterium- 
tritium sous la forme d’un petit gla?on spherique et de I’irradier avec des faisceaux de lasers 
convergents disposds de fagon a rdaliser approximativement la symdtrie sphdrique. La 
surface du gla 9 on est alors brutalement vaporisde et meme ionisde. Le plasma qui s’dchappe 
dans toutes les directions produit un effet de recul, ou un effet de fusde convergent, qui 
entraine une implosion de la partie centrale de la cible, 

Le principe peut paraitre simple, mais les ordres de grandeurs ndcessaires pour rdaliser 
la fusion sont impressionnants. II faudrait atteindre, au centre du grain de melange deu- 
terium-tritium, une densitd dix mille fois plus grande que celle du solide et en meme temps 
des temperatures de millions de degres. D’apres des calculs tres elabores, ceci doit etre 
possible si I’on peut disposer de lasers capables de foumir des impulsions de plusieurs kilo- 
joules dans des temps de I’ordre de la nanoseconde. En fait, il faut aussi que I’jmpulsion 
fournie par le laser ait une forme bien particuliere, 

Sur le plan expdrimental, les rdsultats les plus recents semblent vdrifier le principe de la 
compression. Les informations disponibles sont malheureusement assez reduites du fait du 
caractere plus ou moins classifid de ces travaux, Les mieux connus sont ceux de I’equipe 
du Professeur Basov a I’lnstitut Lebedev de Moscou. Cette equipe est persuadee d’avoir 
atteint un facteur de compression de 30 environ dans une experience comportant 9 faisceaux 
de laser convergents, mais sans pouvoir en apporter encore la preuve. Quoiqu’il en soit, on 
peut avoir confiance que la demonstration experiraentale de I’implosion et de la compression 
sera faite dans un avenir proche avec des valeurs de cet ordre pour le rapport de com- 
pression. 

Par contre, il est beaucoup plus difficile de faire des predictions sur la possibilite 
d’atteindre le but ultime, c’est-^-dire les conditions necessaires a la fusion. II subsiste encore 
quelques inconnues d’ordre physique, en particulier sur les processus d’absorption de la 
lumiere incidente, mais le succes semble dependre principalement du developpement de la 
technique des lasers de puissance. Les differentes caracteristiques necessaires, energie, 
puissance, forme de I’impulsion, rendement energetique, sont toutes a portee de la main 
lorsqu’il s’agit de les atteindre separement avec des lasers differents, mais leur realisation 
simultanee avec le meme laser est certainement d’une difficulte considerable. 


V. PERSPECTIVES DE L’ENERGIE THERMONUCLEAIRE 

Il faut maintenant chercher a extrapoler la situation technique actuelle pour imaginer les 
perspectives offertes par la fusion thermonucleaire comme future source d’energie industrielle. 

Il est deja clair que les unites de production d’energie thermonucleaire auront des puis- 
sances tres importantes, d’au moins plusieurs gigawatts thermiques. C’est I’ordre de grandeur 
auquel on arrive dans les etudes de principe qui ont ete faites sur la production d’energie par 
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la vole du confinement magnetique. Aucune etude analogue n’est encore disponible pour la 
fusion par laser. L’application a laquelle on pense est done la production d’electricite dans 
des centrales de taille au moins egale aux plus grandes centrales actuelles. 

Quel est maintenant le calendrier de Telfort de recherche et de developpement qui 
pourrait conduire a de telles centrales? II y a forc6ment une grande part de conjecture dans 
toute reponse a cette question. Mais on peut tout de meme citer le calendrier propose par 
I’AEC americain comme hypothese de travail pour preparer un plan pluriannuel de re- 
cherches sur la fusion controlee. La premiere etape est la demonstration definitive du 
confinement magnetique dans les conditions necessaires a la fusion: ceci devrait etre 
realise vers 1980. Ensuite viendrait, dans les annees 80, une installation capable de pro- 
duire de I’energie avec un melange de deuterium et de tritium, sans regeneration du tritium. 
Finalement la premiere centrale de demonstration, disons I’equivalent de la centrale 
Phoenix pour les neutrons rapides, pourrait fonctionner aux alentours de Pan 2000. 

Une autre question importante vient egalement a Pesprit: celle des ressources en com- 
bustible. Dans le cas de la fusion deuterium-tritium, la limite est fixee par les ressources 
en lithium. Sans chercher a donner des chifires precis, disons que le lithium disponible sur 
Penserable du globe sous forme de minerals riches permettrait d’assurer la production 
mondiale actuelle d’energie clectrique pendant plusieurs siMes. Une autre fa?on de re- 
pondre a la question est de faire une comparaison avec les reacteurs a neutrons rapides en 
profitant du fait que les disponibilites en uranium font Pobjet de nombreuses etudes et 
publications. On peut admettre en effet que les ressources en lithium et en uranium sont 
d’importance comparable: le lithium est quatre fois plus abondant que Puranium (en 
masse) dans la croute terrestre. Or Penergie produite dans un reacteur thermonucleaire 
pour un gramme de lithium consomme serait approximativement la meme que dans un 
surregenerateur pour un gramme d’uranium naturel consomme, soit de Pordre de 1 MW 
X jour d’energie thermique. On peut done retenir que la reaction D,T offre une source 
d’energie d’importance comparable a Puranium utilise dans les surregenerateurs et on peut 
laisser aux specialistes le soin de discuter quelles sont les teneurs de mineral acceptables. 

L’utilisation de la reaction (D,D) offrirait evidemment des perspectives autrement plus 
vastes. En brfllant le deuterium contenu dans les oceans, on pourrait faire face a la con- 
sommation mondiale actuelle d’energie electrique, pendant des milUons d’annees. Mal- 
heureusement, il est encore impossible de dire si la production d’energie par la reaction 
(D,D) sera un jour realisee. Les conditions imposees au confinement magnetique pour son 
utilisation sont beaucoup plus severes que celles que nous avons vues pour la reaction (D,T) 
et il faudra certainement attendre d’avoir une certaine experience de la fusion controlee 
par reaction (D,T) avant de pouvoir conclure a la possibilite ou Pimpossibilite d’utiliser 
la reaction (D,D). 

Finalement, il faudrait pouvoir dire quelque chose sur les consequences de la fusion 
controlee pour Penvironnement. Mais les idees sur les reacteurs thermonucleaires sont 
evidemment trop schematiques et trop provisoires pour qu’on puisse vraiment trailer cette 
question. Mais des tentatives ont tout de meme ete faites pour aborder le sujet et on peut 
en retirer quelques remarques. La fagon la plus simple de les presenter est de faire une 
comparaison avec les centrales nucleaires de fission. Ceci sans aucune intention de com- 
petition et encore moins de polemique, la fusion controlee devant d’ailleurs, a mon avis, 
avoir pour Penergie nucleaire de fission les egards qui sont dus a la generation precedente. 
En deux mots, dans la fusion, comme dans la fission, il y a des neutrons qui rendent actifs 
les raateriaux de structures. Dans la fusion il y a le tritium, mais il n’y a pas les produits de 
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fission. II n’y a done pas de dechets radioactifs, autres que I’installation elle-meme apres sa 
fermeture, on les pieces actives qui auront dfi Stre remplacees en cours d’exploitation. La 
manipulation du tritium sans danger pour I’environnement est un probleme technique qui 
demande beaucoup d’attention, mais qui est parfaitement soluble. Par contre, I’activation 
des materiaux de structure sera a priori plus importante dans une centrale thermonucleaire 
a deuterium-tritium que dans une centrale nucl6aire k fission. II faut noter aussi que le 
danger d’emballement de la reaction nucleaire n’existe pas dans le cas de la fusion. 

En conclusion, on pent dire que la fusion thermonucleaire utilisant la reaction deuterium- 
tritium a de bonnes chances de se confirmer comme une source d’energie capable de satisfaire 
la consommation mondiale a long terme, ^ I’echelle de plusieurs siecles. La possibilite 
d’utiliser la reaction deuterium-deuterium qui n’est pas encore demontree, apporterait une 
solution pratiquement definitive a tous les besoins d’energie imaginables de I’humanit^. 


SUMMARY 

A brief review of the present status of research on controlled thermonuclear fusion is 
presented and the prospects of power production are indicated. The concept of thermo- 
nuclear fusion is recalled along the two lines of magnetic confinement and laser fusion. The 
goal of research on magnetic confinement is defined quantitatively with the Lawson cri- 
terion and the present achievements are described in the case of the Tokamak machines. 
The idea of laser fusion is briefly described. In the last part the various stages of a possible 
future development are outlined and the main problems raised by industrial power pro- 
duction are summarized. 
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LEWIS: Anyone wish to raise a question on this paper? 

HUET: Jc pense qu'on ne peut rien dire du prix de revient de I’energie de fusion, mais je voudrais poser 
deux questions: Peut-on avoir un ordre de grandeur du budget de recherche actuel dans ce domaine et de 
cc quo rcpriscntcrait Ic programme en 3 points qui nous a etc indiqud? Est-ce qu’un accroissement des 
credits dans ce domaine permettrait de raccourcir Ics d^lais envisages? 

TROCHERIS: On peut en cfict citcr quelques chiffres pour situer I’ordrc de grandeur de I’effort. J’ai 
parle tout a I’heure de milliers de chercheurs. Du point de vue du budget Peffort total des pays de la com- 
munaute europeenne en 1974 sc monte tout compris a 60 millions d’unitds de compte ou de dollars. Le 
budget correspondant des americains pour I’annec iiscale 73-74 dtait k peu prds de meme ordre. Pour 
I'annde 74-75 jc crois qu’il atteindra 100 millions de dollars. Je pense que le niveau des depenses a I’echelle 
d’une grande puissance comme les Etats-Unis ou I’Europe occidentale devra atteindre pour continuer ce 
programme pcut-ctrc le double du niveau actuel. 

Maintenant il y a une question importantc qui a ddj^ dte posee? Est-ce qu’on irait plus vite avec beaucoup 
de moyens? La reponse cst: non, cn fait on n’irait pas beaucoup plus vite. 

LAW AND: Vous avez fait rdfercnce, vous avez fait allusion a la quantitd de D et T limitde par le lithium 
sur la terre et vous avez parld do quelques sidclcs de pouvoir possible de fusion. Moi j’avais I’impression que 
c’dtait illiraitd. Ai-Jc tort? 

TROCHERIS: Jc renvoic la question au spdcialistc. Le lithium n’est certainement pas aussi abondant que 
le deuterium. Moi j’ai simplcment retenu que les ordres de grandeur etaient les mdmes que pour la fission 
par les rdactcurs sur-rdgdndratcurs oil suivant la tcncur du raincrai qu’on accepte on peut aller assez loin ou 
trds loin. 

LEWTS: I think that Weinberg and Hammond at the last Geneva Conference in 1971 dealt with this 
question very satisfactorily and they said that the time would be indefinite. Let me say that my own phrase 
was “thousands of centuries”. 

ZRAKET: I just wanted to add a point about the question that came up on laser fusion. I’m not a specia- 
list either, but the recent Cornel study, done under Dr. Hans Bethe for the AEC as part of Project Indepen- 
dence, announced that they think they could now plan to build 100 MWe electrical demonstration plant 
by 1990 at an accumulated cost of about S4 billion of research and development between now and then 
because of this very promising development of cutting the power needed by a factor of up to 10® with the 
increased density achievable by multiple beams. 

TROCHERIS: I think that this is highly speculative. Obviously you can’t prevent people from imagining 
reactors with such concepts. But even the way you would produce and extract the energy is not at all simple. 
You don’t even know what the size of the explosion would be. I mean there is a large difference between the 
state of the art, or rather the state of paper work on reactors in both cases: it is much more advanced in the 
case of magnetic confinement than in the case of laser fusion. 

LEWIS : Let me add a word here. I feel it is very wrong for these international conferences to go on talking 
so airily when in fact the specific technical problem is known. The specific technical problem is that light 
only travels in straight lines. If the light is going to hit the target and produce 14 MeV neutrons, some 14 
MeV neutrons will come back along the same track. There is nothing to stop them. The damage done by the 
14 MeV neutrons from the explosion on the laser optics, the last laser optic, is always very much greater than 
the value of the energy released. That is the problem. There is some advantage for a liquid metal mirror, 
but I think it is rather more than a simple technical problem. Let us say that technical problems are thick 
around this subject. 14 MeV neutrons are not the best way of taking energy. They are some of the most 
damaging entities that we know. Many of these designs of reactors which people have enjoyed producing, 
other people have shown would last for only a few seconds for their life. That’s that, and then you rebuild 
it. This is the type of problem that one is really dealing with. We have not got a Periodic Table that is 
infinitely extensible. We have only the 92 elements and certain particular isotopes. It is extremely difiBcuIt 
to see how these things are ever going to make a practical scheme for the scale of operations and the time of 
operation needed at a cost that would make it competitive with other very generous sources that we already 
have. It’s a beautiful dream, but it’s still in that land of fantasy. I’d like to throw the whole afternoon’s 
session open to questions. 
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DOSTROVSKY : T^ese are not so much questions as comments or observations of a few points which 
may not come up again in our sessions. I refer to the solar energy paper and to the hydrogen paper. First, 
with respect to sol^ energy, I think it is very important to approach this source with a really careful appreci- 
ation of its potentialities and its problems and to avoid two extreme conclusions, both of which would be 
unwarranted and bad. One is the super optimistic one which says that solar energy is going to solve all our 
energy problems after the year 2000, and the other one — the pessimistic view — that it is not going to do this 
and therefore we should drop the whole subject and not pursue it any more. There is a tendency towards 
this kind of polarization. The proper appreciation of solar energy is that it is a very valuable source, an 
important source for a particular situation. These particular situations may not amount to 100% of our 
energy needs; they may amount to only 10 or 15% or even 5%, but these situations may be very important 
in improving the quality of life in certain circumstances. So that the actual value is measured not so much 
in the per cent of the total energy which solar energy provides us but in the contribution it can make to the 
quality of life. In terms of such banal things as space heating, space cooling, provision of hot water supply, 
provision of small amounts of electricity (and not necessarily thousands of megawatts), solar energy is 
important. 

These may not sound terribly exciting compared to the dreams of large scale fusion or fission, but never- 
theless I think their importance is very great to the quality of life, and furthermore these applications of 
solar energy are feasible on the time scale we are talking about. If we are talking about 25 or 30 years, these 
are entirely feasible projects. The plea that I am making is that we should really keep a sound perspective 
on what is happening and not go off on tangents of the two extremes. We should keep plugging ahead at 
solar energy, even if it does not provide all our needs but only some of our needs, because it will serve the 
people who need it most. So that is the plea I’m making for solar energy — that we don’t jump to these two 
extreme conclusions. On the other one, I’m afraid I’m going to have to take a somewhat pessimistic point 
of view on the hydrogen question. There is no doubt about the usefulness of hydrogen, and all the positive 
qualities have been stated very clearly and they are all correct. Therefore the tendency is to talk about the 
hydrogen economy in the year 2000. But as I think we heard in the talk by Caprioglio, we have no cheap way 
of making hydrogen. And there is none in sight at the moment. I personally, and some of my colleagues, 
have gone very carefully through all the chemical cycles proposed and found them not at all promising. 
First of all all the chemical cycles are essentially Carno machines: they really do nothing more than move 
heat between two temperatures — high and low — and you can’t beat thermodynamics. Those of you who 
know about the chemical problems realize that you have to go through several cycles to get a closed opera- 
tion. The more of these you do, the further away you get from the optimum kind of efficiency. By the time 
you’ve done that, you’re really dropping again to pretty inefficient thermodynamics. Even on the basis of 
pure thermodynamics, you’re taking a beating. On top of that the chemical engineering problem is not at all 
trivial. These cycles involve some of the most unpleasant things one can deal with, like halogens and things 
of that sort at high temperatures. So the whole thing does not really make very much sense. If you already 
have a reactor producing J000'’C heat, you can make a pretty efficient cycle without violating any thermo- 
dynamics. So my feeling is that the way we can beat this problem is with electrolysis. If I had to put my money 
on one direction or another. I’d say keep out of the chemical cycles and put all you can on making an 80 or 
90% efficient electrolysis cell and then w'th a high temperature reactor, giving you about 50% thermo- 
dynamic efficiency or more; you would be much further ahead than if you were working with chemical 
cycles. 

LEWIS: Thank you. May I say I think you would be ahead. But why be so greedy? The energy that we’re 
talking about is very cheap. The power that we’re talking about is very cheap. There are prospects of using 
hydrogen, so certainly we are involving electrolysis, and it isn’t 90% efficient, if by which you mean that in 
relation to chemical free energies we’re releasing it with less than 90% efficiency. But this doesn’t mean that 
it’s impractical at all. As far as the chemical cycles arc concerned, I agree. I’ve been horrified by some of the 
suggestions. But there is still a lot of work going on. And one knows that a great deal of this is not being 
exposed to public view. If you read the annual lecture to the Electrochemical Society given this year and at 
the same time read the information available in Chemical and Engineering News, more or less published at 
the same time, you’ll be very well aware that the lecturer to the Electrochemical Society withheld a lot of 
information. We must presume that this is going on still. A lot of this information is withheld for industrial 
secrecy reasons. So I wouldn’t like to say that all these things are out. 

CAPRIOGLIO: I could add one consideration to what you have just said. I think this consideration is 
rather convincing. Let me make one c.xampic. You have a nuclear power reactor which is the same in both 
cases, producing heat at a suitable temperature, whatever it is. With one of them you make electricity and 
electrolysis and you make hydrogen. With the other you make a chemical cycle and you make hydrogen. 
Let us assume that you have the same efficiencies on both sides. This is a very fair assumption if you think of 
the need of going through three steps in the case of electrolysis because you have to make the electricity, 
then rectify it, then elcctrolizc it. The comparison is: What is the capital cost in the first case and what is the 
capital cost in the second? In the first case you have turbo-machinery plus the alternator, plus the rectifier, 
plus the clccirolizer. This is a lot of money. It is known that for the clectrieity portion, if you start from steam 
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and you go to electricity, you spend a capital cost something like 40% of the total power station. Then the 
rectifier, then the electrolytic plant ... if you want to arrive at very high efficiencies, inevitably it’s going to 
be expensive. Because you use special materials, because you use catalysts, because you use very fine working, 
methods. Now for the same price, I cannot believe that one cannot make a chemical plant, however compli- 
cated it may be, provided (and here I would agree with what you said) one is not talking about too many 
reactions. To give an example: the cycle that is now being looked at as the most promising in ISPRA has 
three reactions: it involves only iron and chloride, therefore materials that are well known in the chemical 
industry. I believe that it is perfectly conceivable that one can make hydrogen at a lower cost than through 
the electrolysis route. I would even say that it is certain. The real problem is how much is it worth spending 
to make hydrogen by using nuclear energy in comparison with the money that is being spent, let’s say in the 
cnerg>’ field, in the field of the primary energy sources. To my mind, one is spending altogether too much 
money in developing all kinds of alternatives in primary energy sources and too little money on how to use 
these primary' energy sources in a reasonable and economic way — acceptable to the environment, etc. — in 
order to satisfy the whole lot of needs that a complex civilization requires. Practically nothing is being done 
in this second field. We go on burning petrol in our cars, burning kerosene in our airplanes, making coke for 
making steel, and so on and so forth . . . we talk about breeding nuclear energy and therefore solving man- 
kind’s problems as far as raw materials arc concerned . . . but how are we going to use this energy for running 
an airplane? Who is doing anything to do that? This is the real key to my mind. It can be hydrogen or some- 
thing else, but the problem of the vector to transform the primary energy source into something that is really 
usable in an economic way is the key problem. 

LEWIS: May I bring you back to your own words, though: you said that the cost of plants and so on was 
very easily taken by the cost of the energy that was involved. I’d like to put this in focus. The turbo-alternator, 
that is to say the converter from steam to electricity, including the auxiliaries, in 1972 dollars was about $35 
per kWc. That is quite a low figure to beat by other methods. This is arrived at, of course, by practice. These 
large turbo-alternators arc quite established — the cost per kilowatt is not reduced at all above 600 MW 
output. Wc have to keep these figures in mind as the challenge — that doesn’t mean that there can be no 
competition — in fact we’re hoping that even producing electricity from steam will one day cost less than $35 
per kW. But there wc arc at the moment. In changing these processes, you’ve gone to processes that are 
indeed much cheaper in equipment than the original. 

CAPRIOGLIO: Just one word on this. You may remember that in my too short presentation I hinted at 
the fact that I was a great believer of hybrid systems. Why? Because that would allow you to have extremely 
simple chemical cj’clcs using just one chemical reaction that would use thermal heat at the best temperature, 
making electricity with the rest of it or by any other means, and using the electrical energy in order to do the 
difficult step, which in general is to make hydrogen. That appeals to me because hydrogen is made in a very 
efficient way by electrolysis. By the way, as a bonus, one can compress hydrogen electrolytically in a very 
cheap way, practically in a reversible way. It costs very little to compress hydrogen electrolytically, and 
therefore this is a very big incentive in maWng hydrogen from an electrolytic step. So if you combine all the 
advantages of both sj'stcms — and this seems possible — one can arrive at something that may be very, very 
cheap and therefore likely to be able to conquer a large fraction of the energy market. So I’m not ruling out 
electrolysis at all. On the contrary, I think that all progress that can be made, in particular on the hydrogen 
electrode in terms of power density, is going to be very useful. I hope I have given a balanced view on 
this. 

LEWIS: We have two more questions waiting on this. 

LEHMANN: La reunion de cettc joum6e a etd consaerfe a I’etude des ressources energdtiques a long 
terme mais dans I’examen des besoins 6nergetiques qui ont 6t6 notamment presentes d’une fa?on si interes- 
sante par M. Zraket il m’a sembl6 que I’on considerait presque uniquement les besoins aujourd’hui classiques 
en energie tels que ceux relatifs au chauffage, au transport et aux besoins industriels actuels. Dans rme 
session voisine on etudie les ressources minerales a long terme et il me semble que Ton ne peut pas s6parer 
I’un de I’autre ces deux problferaes. Il me semble qu’il ne peut pas exister d’epuisement des ressources mine- 
rales si Ton dispose de suffisamment d’energie, car la masse de nos ressources minerales est considerable, 
e’est la masse globale de la terre. Qui aurait pens6 il y a 75 ans que Ton produirait de Taluminium en immense 
quantite avec des cailloux alors tout fait inutiles, plus de grandes quantites d’energie. La question que je 
d&irais poser est la suivante: ne faut-il pas d^ aujourd’hui examiner quels pourraient etre les besoins 
supplementaires et nouveaux d’6nergie qui permettraient de repondre a certaines des questions posees par 
I’epuisement — par e,xemple des materiaux base de carbone? Si I’epuisement des ressources petrolieres pose 
des probKmes sur la fabrication des plasCiques ils peuvent etre remplac^ par de I’energie et de la craie. 
Il y a peu d’annees encore les plastiques se faisaient a partir de la craie et non pas a partlr du petrole. Je vous 
demande done d’examiner si d’autres chapitres ne doivent pas etre ajoutes aujourd’hui, ceux qui concemeront 
des besoms d’energie destinee a la creation de nouvelles ressources minerales au fur et a mesure que s’epui- 
seront celles que nous utilisons aujourd’hui. 

LEWIS: Thank you. I’ll ask Dr. Zraket to reply to part of that, but before doing that I’d like to throw in 
another figure and that is if we have exhausted all of our coal and w’e still want hydrocarbons for flying our 
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airplanes, the extra cost of taking it out of limestone is $3 to $5 a barrel. It isn’t something astronomical 
even when you’ve finished using coal. 

ZRAKET : I agree with the gentleman’s comment that energy is essential to the continued supply of other 
mineral resources. As I said earlier, I don’t think that “nature” is the problem with respect to mineral 
resources; it is our ability to extract and recycle the necessary materials that we need. Having said that, I 
intimated that with respect to the year 2000 problem, and beyond, increasing amounts of energy were going 
to be needed for at least primary metal processing and that is why I postulated that we were going to need 
larger and larger industrial port complexes to juxtaposition energy sources and primary metals and other 
minerals. I don’t know of any conclusive studies on the issue you have raised, namely is it worthwhile 
expending our fossil fuel resources because they’re such a crucial feedstock for things like the petrochemical 
industry and possibly food generation. I don’t know the answer to that. Some of my friends tell me that 
we’re still better off using the old economic law, that is using what’s best now and worrying about the future 
later. Other people, say, save the fossil fuels. 

BLACKSHEAR: I don’t know how familiar you all are with US sources. A team at NACA Lewis labora- 
tory 20 years ago did some extensive experiments on the use of hydrogen for jet engine propulsion. The 
scheme was diverted for a number of reasons, one of which was when the experimental plane was going to 
make its maiden voyage it had to sit a little extra long on the runway and there was such a thick layer of ice 
on the outside of the skin that the fuel tanks became encrusted with enough ice that it was unable to take off. 
Recent experiments in burning hydrogen in internal combustion engines suggest that really remarkable 
performance in the spark ignition piston engine can be attained by virtue of the fact that hydrogen has such 
a wide range of ffammability. Successful non-knocking combusting can be attained at very lean fuel-air 
ratios. Finally, just to respond to the last remark, Alvin Weinberg and his team tried to estimate what the 
replacement of the various resources would be with energy, and if the chairman permits, I’d like to read 
some of them. Bearing in mind that the United States uses approximately 10 kWt per capita the replacement 
for our present level of consumption of such things as steel, aluminum, and magnesium, things that are in 
great abundance in the earth’s crust, which would require us to go to lower grade ores, would require one- 
tenth of a kilowatt per person. In other words, a 1 % increase in the total energy consumption to go to lower 
grade ores. Those things that are relatively scarce, that would require recovery and recycling — copper, lead, 
tin, zinc, gold, silver, etc. — ^would cause an increase of about 2 kW per person. Replacing hydrocarbons for 
convenience fuel with electrolytic hydrogen would require an additional 2.5 kW per person. The overall 
budget increase by the Weinberg and associates estimates is 6 kW per person. In other words, less than 
doubling of the present US per capita energy use, would allow a resource-depleted world to maintain 
present US consumption rates for the indefinite future. 

LEARDINI: I’m coming back. Mr. Chairman, if you allow me, to some questions regarding the pollution 
in the environment in the exploitation of the geothermal energy. The items should be discussed tomorrow 
morning apparently and perhaps I’m anticipating some data, but since I’m not able to attend the meeting 
and to listen to Mr. Rex’s report, perhaps I may make my comments now. I should say that the environ- 
mental impact of geothermal energy can be classified under a few typical aspects. The first one is the thermal 
rejection and evidently it depends upon the temperature and pressure of the steam. The thermal rejection 
of a natural steam power plant (or a geothermal steam power plant) is nearly the double of the one you have 
by actual fuel-fired power plants and, say, 1.5 times as much the one of the nuclear power plant. So it is a 
problem which cannot be avoided because it is a thermodynamical problem. We usually have low tempera- 
ture natural steam and there is no great hope to increase it. Second is the gas rejection. The fluid always 
carries gases in minor or bigger quantities. In some cases the initial content of a gas may be as high as 80- 
90%. (We discovered just a few days ago a well producing 90% of CO 2 .) The content of steam is increasing 
and in a time of two years the C 02 quantity will drop down, we hope, to 6-8%. This is the usual way. The 
gases which are carried by the steam are usually not very noxious. The greatest quality is CO 2 , and then we 
have a minor quantity of hydrogen sulfide, methane, and other gases. We don’t think the discharge of those 
gases is a problem. We usually take precautions. A medium-sized stack, let’s say 150 or 200 ft high, allows 
for an efiicient disposal. The dilution in the atmosphere is such that even in the nearest surrounding we do 
not exceed the most stringent regulations as regarding these gases. Another type of pollution is given by the 
solids which are carried out either by steam or by the water which is quite frequently accompanying the 
steam. The salts contained in the water may be higher than those admitted for water discharges. For in- 
stance we have discovered a few weeks ago a well which is producing very hot water and steam, but the 
water contains 6 part in a million of arsenic compounds. This is more than 10 times as much as it would be 
allowed to discharge. There are two basic solutions: one (which we already do) is the re-injection within 
some well near the steam well, which is nearby, after checking that the re-injection well does not end into 
a water table, utilized it to get out drinking water. The second way is to extract the salts and store them. 
For instance, the extraction may happen by means of ion exchangers. The waters deriving from the regen- 
eration of the ion exchangers are thereafter concentrated. We tried to figure out the cost. The first type of 
disposal, which is the re-injection, is the most economical one. There is still a major question which has not 
yet been solved. It has been encountered in some geothermal fields in the southern part of the United States, 
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which arc yielding very high temperature salt brines, containing as much as 25% in weight of salts. The 
main component is given by natrium chloride, and since this cannot be utilized, there is a problem in storing 
it. If some kind of heat exchangers could be provided to utilize the heat content of the very high tempera- 
ture brines (which may reach 260°C) it is hoped that some of the components of the brine can be recovered 
because the brine carries such valuable elements like uranium, gold, mercury, and so on. It could be that the 
heat extracted from the brines could be used to process the most valuable part of the salts. 

LEWIS: Thank you very much, Dr. Leardini, for these contributions which, as you say, take us towards 
tomorrow morning’s discussion. I hope we will sec you here again in this conference later on. Perhaps when 
we’re summarizing these things. 

KELLOGG: There is one juxtaposition of ideas which may already have been made and perhaps I 
missed it. I have heard that h 3 'drogen could be cheaper to transport through pipes than electricity in terms of 
its equivalent energy content. I think this point was made here several times. I’ve also heard — and I haven’t 
heard this mentioned here — the idea of cryogenic superconducting distribution lines for electricity. Have 
studies been made to sec if a combination of a cryogenic electrical distribution line with pipes carrying liquid 
hydrogen makes any sense? 

CAPRIOGLIO: Yes, indeed, it makes sense. Studies arc being carried out, essentially in the United 
States, but I understand in Europe as well in a few places, to study the possibility of transporting at the 
same time liquid hydrogen and electricity in a cryogenic way. Here I would like to make a difference 
between a cryogenic line and a superconducting line. If one has a superconducting line available, then of 
course the whole problem of large quantities of energy in the form of electricity would largely be solved. It 
depends, of course, on the cost of the operation. But one would not necessarily produce the hydrogen at the 
same place and transport it. So it may very well be that one would simply cool down the superconducting 
line and alongside transport hydrogen in a gaseous form because it is much cheaper to transport hydrogen 
in a gaseous form than in a liquid form. 

LAWAND: . . . method of looking into this storage problem. I’d like to know if anyone else — ^perhaps 
I've not made myself too clear, but is it perhaps not possible that in 100 years’ time the pattern of distribu- 
tion of our energy will be so different and this will dictate the technological considerations that we will have 
to be debating? 

LE\\TS: I agree there may be a difference. But I think it would take too long to peer that far in the 
future. 

DESTIVAL: A la fin de ccs ddbats, jo restc sur une interrogation. Nous avons parle de beaucoup de 
projets, d’dnergies nouvcllcs solaire, gtothermie, hydrogine. II y en a d’autres dont on n’a pas parle, peut- 
ctre plus classiques, I’cxploitation sous quelqucs centaines de metres, la gazeification du charbon, I’exploita- 
tion dcs sables, des schistes, par extraction, par explosion nucldaire, I’activation des gisements, etc. II y a 
actuellement une proliferation d’idics que Ton constate dans tous les pays. Et je me pose la question — 
cst-ce que tout ccla cst ncccssairc, tour de suite, cst-ce que peut-etre meme, en allant dans toutes ces directions, 
on va dans celle qui convient, cst-ce qu’on n’oublie pas quelque chose qui est plus important? Cela m6ne 
a une seconde question, qui ctait cello quo je traitais ce matin: de quelle quantite d’dnergie I’humanite 
aura-t-clle besoin dans trente ans, dans cinquante ans? Quand j’entendais M. Zraket dire; “Eh bien nous 
avons fait un scenario oii I’homme consommera 50 kilowatts — Thumain raoyen, ce qui veut dire qu’il y 
en aura qui consommeront sans doute 2 ou 300”, je m’interroge: mais quel sera son mode de vie, 
comment fera-t-il pour consommer tout cela? C’est un peu comme si on nous disait dans cinquante ans 
I’homme consommera cinquante fois plus de nourriture qu’aujourd’hui. II y a tout un travail d’investiga- 
tion a faire ct dcs questions aussi fondamentales, devraint etre a la base de la reflexion pour determiner, de 
pr^Krence au plan mondial, quelles sont les actions importantes en matiferede recherche et de ddvelopement 
a long terme qu’il faut entreprendre. 

LEARDINI: May I come back to the question of Mr. Kellogg on the merits of transmitting cryogenic 
fluids like liquid nitrogen or liquid hydrogen or liquid helium through a superconducting device or a cryo- 
resistive device. We figured out the operation cost of a cryoresistive cable cooled by liquid nitrogen, which 
was at the same time used as a carrier of liquid nitrogen for freezing purposes, and we found that there was 
no economic incentive in combining cable cooling and nitrogen transmission even if the liquid nitrogen was 
very inexpensive at the source, since it derived from gasification of liquid natural gas. So I don’t think there 
will be any great incentive in making that by hydrogen. Only a further progress could change the picture. 
The progress to be achieved is to obtain superconducting materials at the temperature of evaporation of 
hydrogen. Although some preliminary favorable results have been obtained we are still very far away from 
the time by which a reliable production of superconductors at liquid hydrogen temperature may be obtained. 
Until then, we have to rely on helium to achieve superconductivity in existing S„, No, etc., alloys. 

ZRAKET ; I wanted to make a brief comment on the point Mr. Destival raised. As he noted in the two 
scenarios I presented there was a 50 kW per capita use in the year 2100 and in the other there was a 20 kW 
per capita use in the year 2100. They were presented for purposes of illustrating energy needs. But I think it 
is a good question to raise in any look at potential energy sources to ask when can we reach zero energy 
growth per capita or somewhere near zero energy growth per capita, at the same time we are continuing to 
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improve the economic and environment system. Some people in the United States claim we can do it in 10 
years, I don’t believe that. But it might be possible to do it in 50-100 years. 

RANDERS : It has struck me in these discussions about the future energy situation in the world that some 
people seem to feel that if we do not succeed with fighting pollution, extracting geothermal energy or whatever 
it is, we are heading towards some kind of catastrophe where the whole society is destroyed in some strange, 
mysterious way. This is, of course, not the case. There is always some way to survive. To produce enough 
energy we always have the possibility of covering the whole earth with solar cells and live in the basement 
underneath. This, theoretically, is possible. Energy from the sun certainly is sufficient if you are willing to 
sacrifice the surface of the earth. This may happen in the long run, because human beings, if they had a 
choice between walking on foot to their work in the morning or destroying the surface of the earth, would 
choose to destroy the surface of the earth. I think it’s likely that in the very end we will have nothing 
else but solar energy. Even with fusion we will run out of fuel (deuterium) after a certain period. How would 
the world look if we have 100 billion people with only solar energy? Is there any way we could manage this 
so we could feed ourselves — at least theoretically? What I’m really trying to point out is that we are not 
heading towards a sudden catastrophe, but we’re heading for rather unpleasant choices if we increase the 
number of people without thinking about future energy. I’m sure we will always manage to get by, somehow, 
but obviously the kind of life we shall then live on the planet may become very unpleasant. Of course we are 
adaptable. Maybe orm descendants will think it is marvellous to live in the basement with a roof of solar 
cells above them. If so, we need not worry as much as we do. 

LEWIS : I think we’re trespassing on tomorrow’s land. I’ll give you a much more cheerful picture tomorrow 
afternoon. I see signs that people are getting a little weary so I would like to adjourn this meeting. Thank 
you very much for your participation. It has been very keen. Again, thank you very much to the translators. 
I have been listening with one ear to one language and with the other to another for most of the afternoon 
and it was going along extremely well. In fact I don’t know how some of them manage it— I followed one 
better in the French after it was translated! 
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LONG RANGE INFLUENCES 
OF MANKIND ON THE CLIMATE 


William W. Kellogg 

Senior Scientist, National Center for 
Atmospheric Research, Boulder, Colorado 80303, USA* 


INTRODUCTION: THE REALITY OF CLIMATE CHANGE 

Climate change is an aspect of our environment that we must learn to live with though 
we often try to ignore it. Usually the changes are so gradual that we hardly sense them in the 
course of a lifetime, or if we do sense them we look at them as more or less random fluctua- 
tions around a stable average condition. There is something in our makeup that leads us to 
reject the idea that the present climate of our planet is not constant, not a thing that we can 
count on “forever”. 

Of course, we know from the geological evidence written on the face of the land, in layers 
of sediment in the deep sea, in the patterns of coal and fossil deposits, and so forth, that 
the earth’s climate has in fact changed quite drastically in the past. We live now in a period 
when both poles are perpetually frozen over, but it was not always so. In fact, the present 
period of polar glaciation represents a condition that has existed for only 10-15% of the 
time, as seen on a scale of a few hundred million years (SMIC, 1971). 

If we look at the shorter record of the past million years or less, a record that has now 
been deciphered in some detail from studies of sea-bottom cores gathered in many parts of 
the world, it is evident that we live in an unusual climate as seen on that time scale also. 
During the Quaternary, as this recent period is called, great ice ages have alternated about 
every 100 000 years with relatively brief periods of warmth, known as “interglacials”, and 
we have now been in an interglacial for over 10 000 years. This has led to some speculation 
as to whether we are now due for another ice age, based simply on the rhythm of the fluctua- 
tions of the past (Mitchell, 1972; Emiliani, 1972; Kukla and Mathews, 1972). 

The history of primitive man spans many transitions between ice ages and interglacials, 
and he has obviously survived these fluctuations by adapting to the changing environment and 
by migration. We do not know what struggles these ancient ancestors faced as the permanent 
ice and snow periodically spread over the northern parts of their continents, but we can guess 
that there was great hardship for those in the marginal areas of the earth — as is still the case. 

The written history of mankind covers only the last 5000 years (or less), a period entirely 
within the present warm interglacial. Yet the relatively small fluctuations that have occurred 
in the climate during recorded history have also caused great hardship and forced major 

* The National Center for Atmospheric Research is sponsored by the National Science Foundation. 



104 


W. W. KELLOGG 


adaptations of entire peoples. Surely many of the migrations and invasions of tribes in 
Europe and Asia were triggered by such changes as marginal areas became uninhabitable. 
Even as recently as ad 1400 the cooling trend in the North Atlantic caused the Norse settle- 
ments in Greenland to be cut off from their homeland, and these colonics perished for reasons 
that we can only guess (Ladurie, 1967). 

In short, the planet earth has managed through the cons since its formation to maintain 
an environment of air, water, and land that has been able to support life, and that suggests 
that there is a remarkable inherent stability in the system that keeps the earth from straying 
too far and becoming like our inhospitable sister planets, Venus and Mars. Yet the fluctua- 
tions that have occurred are very real, and they arc highly significant to all forms of life — 
including mankind. 

It is in this perspective that we must view our future existence, and thekindsof adaptations 
that will be forced on us by climate changes. 


SOME SOCIAL IMPACTS OF CLIMATE CHANGE 

It is the ability to grow or hunt down enough food locally that limits the size of a primitive 
population, but in the world today this is generally no longer true. Most countries are 
dependent on exporting or importing food, especially the more advanced nations, and a 
growing interdependence among all societies now exists. If a country cannot raise enough 
food within its own borders it must import the difference, and its ability to do so depends 
on its complex balance of trade. 

Looking at the world food situation as it exists in ad 1974 there are some new realities 
that must be recognized : 

• The world population of some 3.9 billion people is still growing at a rate of slightly over 
2% per year, which corresponds to a doubling time of about 35 years. The rate of growth 
in the less developed world is more than twice that in the developed countries. 

• We are now consuming the food we produce as fast as we are producing it, and it is 
estimated that there exists no more than a one month reserve of food in the exporting 
countries, on the average, to feed the rest of the world (Mayer, 1974; Schneider, 1974). 

• Food production is mainly in a few “breadbasket” areas, notably the United States and 
Canada. (The United States with about 6% of the world’s population has 9% of the 
land that is under cultivation.) The area of land under cultivation has not been increasing 
as fast as the world population, but the rate of food production has almost kept pace 
due to improved crop yields (SCEP, 1970). 

• The improved yields associated with the “green revolution” have been due to the intro- 
duction of more productive crop strains and use of more fertilizer and insecticides. Thus, 
the energy required to raise the necessary food has been rising, another factor that 
favors the developed countries and works to the disadvantage of the less developed 
countries (SCEP, 1970). 

• The oceans will remain a large resource of food, but there seems little chance of increas- 
ing the productivity of the oceans by any large factor. Already some fishing grounds 
are apparently being overfished, such as the Grand Banks of the North Atlantic and 
perhaps the anchovy schools off the coast of Peru (the latter constituting about 17% 
of all the fish caught in 1970) (Mayer, 1974). 

• A change of climate resulting in a decrease of food production anywhere in the world 
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now has global consequences, as evidenced by the international repercussions of the 
crop failures in the Soviet Union in the spring and summer of 1972 (Mayer, 1974), and 
the current tragic situation in the Sahel of Central Africa (Bryson, 1973). 

It is this last point that must be emphasized in the context of this report. There will be 
crop failures again in parts of the world, and we arc poorly prepared to cope with the 
consequences. As the total population grows and the margin between plenty and famine 
shrinks, am’ climate change will probably work to the disadvantage of this interdependent 
world society in which we live. The poorer and less developed countries will be hit the hardest. 


WHICH WAY WILL OUR CLIMATE GO? 

There have recently been a variety of speculations in the public press concerning the future 
course that our climate may take. They usually start by noting the fact that we have just 
passed through a highly non-typical period in the last few decades as sliown in Fig. 1, taken 
from Mitchell (1974). The temperature maximum that occurred around 1945 seems to have 



Fig. 1. Average temperatures for three latitude ranges relative to ad 1880. (After Mitchell, 1974; extension 
of curve for 0-80’N based on unpublished thesis by C. H. Rcitan.) 

been uncqualcd at any time in the past 1000 years, as shown in Fig. 2. It is therefore tempting 
to conclude that the world is sliding back toward colder conditions, similar to those that 
existed in the early part of the nineteenth century and before. 

Of course, it would be naive to base a prediction on a current trend without some reason 
for believing that the trend would continue. Bryson (1972, 1974) and Budyko (1973) believe 
that the present downward trend is due to mankind’s production of particles (aerosols) 
from industry, transportation, slash-and-burn agricultural practices, overgrazing of mar- 
ginal lands, expansion of ploughed land, and so forth, and the theoretical works of Rasool 
and Schneider (1971) and Yamamoto and Tanaka (1972) have been cited to show that a 
uniform increase in worldwide aerosol content should cause a cooling. The reason for this 
conclusion is that, if the lowlevel aerosols do not absorb too much sunlight but scatter it 
back to space, then the solar radiation available to heat the lower atmosphere and the earth’s 
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surface will be decreased by an inerease in aerosols. The average reflectivity of the surface 
was taken to be that of the ocean, which covers three quarters of the globe. 

While this explanation seems reasonable at first and is hard to dispute, there are some 
serious doubts about it being the entire story (Mitchell, 1974; Kellogg and Schneider, 1974), 
Some of these doubts stem from observations that the aerosol content has in fact not been 
on the increase in many non-industrial areas in the past decade or so (Machta, 1972; 
EPA, 1973), and that the regions where aerosols have increased in this century are limited 
to the industrial areas and the oceans immmediately downwind of them (Machta, 1972; 
Cobb, 1973). Furthermore, theoretical calculations generally indicate that over land, where 
most manmade aerosols originate and remain until they are removed by rainout and wash- 
out, the relatively high reflectivity of the surface leads to a warming due to increased 
aerosol content rather than a cooling, as may occur over a darker ocean surface (SMIC, 
1971 ; Schneider and Kellogg, 1973; Braslau and Dave, 1973). These do not by any means 
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Fig. 2. Mean annual temperature in Iceland over the past 1000 years as drawn by Bryson (1973), based on 
data gathered by P. Bergthorsson. The heavy line indicates the temperature change of the last decade, and the 
dotted line the average Northern Hemisphere temperatures shown in Fig. 1 (with an uncertain location 

vertically). 


prove that the manmade aerosol explanation for the present cooling trend is completely 
wrong, but that we should not stop looking for other and perhaps better explanations. 

An important fact to keep in mind is that climate change has occurred many times in the 
past, before man appeared on the scene and became a new factor in the equation that 
governs the balance of the climate system. Thus, we should not be too surprised that a 
change is occurring and rush to find an anthropomorphic reason. 

Looking at the future, it seems much more likely that the net efiect of human activities 
will not be a cooling but will be a warming. The reason for this belief is as follows: the 
climate is determined, as we have said, by an overall balance between the solar energy 
applied to the atmosphere-ocean-ice-Iand system and the energy radiated back to space 
as infrared radiation. Anything we do to change this balance will change the climate. We 
are doing two things on a massive scale now, and the scale is steadily increasing — adding 
carbon dioxide to the atmosphere by burning the fossil carbon locked in the earth in the 
form of coal, petroleum, and natural gas, and also adding heat directly by our insatiable 
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demand for energy. Both of these cause the temperature of the climate system to rise, as we 
will demonstrate. 

Carbon dioxide is a chemically very stable gas that is only destroyed when it diffuses 
into the upper stratosphere, and this removal process is extremely slow. However, when 
additional carbon dioxide is added to the atmosphere by burning fossil fuels, some of this 
additional amount is taken up by the ocean (is dissolved in the upper layers) and some is 
taken up by plants (mostly the forests of the world) and incorporated in the total “biomass”. 
In the year 1950 some 6.4 x 10® tons (metric) were added, in 1970 this had risen to about 
15 X 10® tons, and it is estimated conservatively that by 1990 the annual addition will be 
about 50 X 10® tons (SCEP, 1970). 

Several attempts have been made to estimate the future amounts of carbon dioxide that 
will be in the atmosphere in the future, assuming a more or less exponential increase in the 
rate of release and taking into account the fraction that will be dissolved in the oceans and 
the fraction taken up by the biomass. There is a fair agreement between two recently pub- 
lished model calculations out to the year 2000 (Machta, 1973; Bacastow and Keeling, 
1973), who predict that the concentration will rise from the 1971 value of 322 to 324 parts 
per million (ppm) by volume (SMIC, 1971; Ekdahl and Keeling, 1973) to 390 or 400 ppm 
by the year 2000. Bacastow and Keeling (1973) extend their calculations to ad 2040, and 
estimate the carbon dioxide content then to be between 710 and 900 ppm, the difference 
being due to uncertainties about the ocean and biomass fractions. (For example, will the 
forests be allowed to grow or will they be cut down?) Of course, there is also considerable 
uncertainty about the future rate of consumption of fossil fuels, and the above prediction 
is based on a continuing increase in the consumption at a rate of 4% per year. (The current 
annual growth rate of worldwide energy production, according to United Nations data, is 
5.7% per year (SMIC, 1971).) There is probably enough coal in the world to sustain such 
a large consumption for at least the next 100 years (Hubbert, 1971), but hopefully alterna- 
tive sources of power such as nuclear, thermonuclear, solar, etc., will begin to take over 
before then. 

Now we turn to the climatic effects of such an increase in carbon dioxide. This gas is 
virtually transparent to solar radiation, but it has several strong absorption bands in the 
infrared part of the spectrum. Its ability to absorb some of the infrared radiation from the 
earth’s surface and to reradiate it downwards means than an addition of carbon dioxide acts 
as a kind of radiative blanket and raises the surface temperature. This phenomenon has 
often been called “the greenhouse effect” (Schneider and Kellogg, 1973). 

Theoretical calculations by Manabe and Wetherald (1967) estimate the effect of increas- 
ing the carbon dioxide content, and the average global temperature rise turns out to be 
roughly proportional to the logarithm of the average carbon dioxide content, as shown in 
Fig. 3. Thus, the increase by the year ad 2000 will produce an average temperature rise of 
0.5°C, and the effect by ad 2040 may be 2.5'’C or more. These are averages for the globe, 
and even the smaller figure is comparable to any of the global rates of change experienced 
in the past century (see Fig. 1). The rise by ad 2040, if it occurs, will be very pronounced 
indeed. Furthermore, we know that the high latitudes are much more susceptible to climate 
change, and it is likely that the high latitude temperature changes will be larger than the 
global average changes by a factor ranging from 1.3 to 3.0 (Kellogg, 1974; Kellogg and 
Schneider, 1974), and the equatorial changes will be correspondingly smaller. We will 
return to this latitudinal dependence later. 

We might rest our case in favor of a future climatic warming at this point, since it must 
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already seem ratlicr convincing. However, let us briefly consider wliat the direct heating 
from all our energy consumption will be in the years ahead. To begin with, Iicre arc some 
pertinent facts and figures. In ad 1970 the worldwide production of thermal energy was 
about 8 X 10'^ W (or 8 X 10^ GW, a more convenient unit) (SCEP, 1970, which was based 
on United Nations data). Note that this is the heat released by all worldwide activities 
involving energy— heating, manufacturing, transportation, food production, etc,— and is 
considerably more than the productive energy that turns our wheels. All the energy we pro- 
duce and use ends up as heat sooner or later. 

This can be compared with the total amount of solar energy absorbed at the earth’s 
surface, which is the input to the climate system. Taking into account the fact that the 
average rchcctivity, or "albedo”, of the earth is 0.30 (Vondcr Haar and Suomi, 1971), that 



Fig. 3. Theoretical estimate of the average temperature change of surface air due to an inercase of carbon 
dioxide from the 1970 value of 320 ppm (by volume). Adapted by Machta (1973) from Manabe and Wethcrald 

( 1967 ). 

the average radiation on the earth is one-quarter that of the solar flux, and that only about 
0.65 of the solar energy retained by the earth-atmosphere system is actually absorbed at the 
surface (Sellers, 1965), the global average heating of the surface turns out to be about 
155 W and for the whole earth this amounts to about 8 X 10’’ G watts. Thus, at present 
human energy release is only about 0.01% of the effective solar input to the climate system, 
and the global effect of man’s heat on the temperature must be quite trivial — though it may 
be significant locally. 

Now let us imagine the future from the viewpoint of the "technological optimist”, and 
sketch some more or less asymptotic approach to a world society with a stable population 
and a steady consumption of energy at a rate that would provide a level of affluence com- 
parable to that in the United States now. Is this unreasonable? Figure 4 shows how the 
world population might behave. It clearly cannot go on increasing at the present rate of 
2.1% per year, but must level off somewhere. There are those who predict a collapse rather 
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than a steady state (e.g., Forrester, 1971; Club of Rome, 1972), but others (Weinberg and 
Hammond, 1970; Kahn, 1973; Holdren and Ehrlich, 1974) have shown that from a tech- 
nological standpoint the earth could sustain a population of some 20 billion people, each 
using some four times the current United States average per capita power of 10 kW. (The 
factor of 4 is an attempt to take account of the increased per capita demand for energy as 
food and material resources become scarcer, recycling becomes a necessity, reduction of 
pollution will require more energy, and so forth.) These and other considerations are dis- 
cussed further by Kellogg (1974) and Hafele ( 1974 ). 

If we accept this scenario of the future as one not too unreasonable guess, then 20 billion 
people requiring an average of 40 kW will result in a global energy (heat) release of 8 x 10® 



Fig. 4. Possible patterns of world population growth, starting with the present rate of increase and approach- 
ing a steady level. The present growth cannot continue indefinitely; the question is where it will level olf. 

GWs, This is 1% of the solar energy absorbed at the surface. Model calculations (e.g.. 
Sellers, 1973; Budyko, 1972) that take account of some of the main feedback mechanisms 
in the climate system, especially the effect of polar ice and snow, show that adding 1% to 
the heat available will raise the global average temperature by 1.3° to 3°C, and that the 
change in the polar regions will be several times this, perhaps 10°C or more (Kellogg, 1974). 

While these estimates of future global wanning due to both adding carbon dioxide and 
direct heating are crude, and there are many uncertainties in the models used, the conclusion 
seems to be unavoidable. Unless there happen to be natural forces in the opposite direction 
that will act faster than they seem to have done in the last 1000 years, the warming effects 
of man’s activities will dominate in the decades ahead and will produce a global warming 
that will reverse the present cooling trend. We cannot say exactly when the cooling will 
end, but if mankind continues to increase his rate of burning of fossil fuel and release of all 
kinds of energy it cannot be very many years away. 
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SOME IMPLICATIONS OF A GLOBAL WARMING 

It is difficult, if not impossible, to describe the many environmental changes that would 
occur as a result of a general warming. The mean temperature is a convenient parameter to 
use to describe a climate change, but it is somewhat misleading. We have already referred 
to the fact that temperature changes are sure to be more pronounced at higher latitudes 
than in the tropics, but the patterns of rainfall may change dramatically in the tropics, as 
pointed out by Bryson (1973, 1974). A climate change would influence the monsoon cir- 
culation of all Eurasia, and this too would alter rainfall over large and populous parts of 
the world such as India and China. 

Furthermore, a more detailed study of the climatic variations in the past century have 
revealed that there have been large regional differences in the temperature and precipitation 
changes that have occurred (Lamb, 1972; Namias, 1970, 1972; Kutzback, 1970; Bjerknes, 
1963). This fact is indeed to be expected, since climate change of any kind will be accom- 
panied by a shift of the standing waves in the atmosphere, such as the Aleutian and Icelandic 
low pressure troughs. A shift of these semi-permanent flow patterns will bring warmer air 
from the subtropics to some middle latitude regions, and colder polar air to others, causing 
opposite temperature anomalies. 

The recent development of greatly improved numerical models of the general circulation 
of the atmosphere, as a result of better physical knowledge and the advent of high speed 
computers, gives us an opportunity to experiment with such changing patterns and to 
determine what might occur with a given change of boundary conditions. Such experiments 
have been carried out (Warshaw and Rapp, 1972; Washington, 1971 ; Williams et al., 1974), 
but the models are still not adequate to give the detailed climatic descriptions that v/e would 
like to have. For one thing, they generally do not include the oceans as a dynamic and 
interacting system, and this is clearly an important deficiency that must be remedied in 
time. A current review of climate modeling is that of Schneider and Dickinson (1974). 

In spite of all these caveats, it is useful to trace some of the more general implications of a 
general global warming. For example, the mean mid-latitude decrease of temperature with 
latitude is 0.5° to 0.6°C per degree of latitude in both hemispheres; and in central North 
America (100°W long.) and central Eurasia (40°E long.) the number of days and nights with 
frost (temperatures below 0°C) increases by about 6 days per degree of latitude. These 
statistics suggest that for every 1°C increase in mean temperature at mid-latitudes there will 
be about 10 more days in the average growing season. Such a statement gives only a part of 
the story, however, and the actual ability to grow crops depends more properly on the 
number of “degree-days”, or the integral under the temperature vs. time curve in summer. 
Bryson (1974) shows that this can be a very sensitive function of mean temperature in 
marginal regions such as Iceland. Thus, a few degrees increase (or decrease) in mean tem- 
perature is likely to have the greatest impact in the cooler portions of the world. 

Turning to Bryson’s theory (1973, 1974) that the current Sahelian drought in central 
Africa is due to the current cooling trend (causing an equatorward movement of the sub- 
tropical high pressure centers and a corresponding shift of the “intertropical discontinuity” 
that marks a separation between the moist air moving in from the equatorial Atlantic and 
the dry subsiding air to the north), a reversal of this cooling trend should, if he is correct, 
move the rainy belt back to the Sahel. As we have said, however, the reversal may not set 
in for many years, and we cannot hold out this kind of relief as a solution for people who 
are starving today. 
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The polar regions will be most alTcclcd by a general warming, and there has been some 
speculation about the cfTccts on the Arctic Ocean ice pack and the great masses of glacial 
ice on Greenland and the Antarctic Continent (SMIC, 1971; Kellogg, 1974). The Arctic 
Ocean ice pack is a layer of floating ice that varies in thickness from about 3 m in winter to 
less than 2 m at the end of the summer melting season (Fletcher, 1965), Theoretical studies 
have indicated that lowering the reflectivity of this ice by about 20% would cause it to dis- 
appear in three years (Maykut and Untcrstcincr, 1971), suggesting that the ice could be 
removed by a suflicient warming of the air over the Arctic Basin. However, we have no way 
at present to estimate how much of a warming this would have to be— a subject that cer- 
tainly deserves to be investigated. 

If the Arctic Ocean were to become an open ocean its characteristics would be very 
greatly different from the present. It would be a dark body of water instead of an ice-and- 
snow surface, absorbing more sunlight in summer. In winter it would present a surface of 
O'C instead of around — 30“C. It would add more moisture to the air that moved over it, 
especially in winter, and, therefore, there would probably be heavier snowfall over nor- 
thern Scandinavia, Siberia, and northern Canada. Would this initiate the buildup of an- 
other ice sheet over some of these areas, as occurred during the last glacial period? This 
thought was the basis for one theor>' of the alternating glaciations and interglacials of the 
past million years (Ewing and Donn, 1956; Donn and Ewing, 1966), but this theory has 
been more or less discarded in the light of palcoclimatic evidence that shows that the Arctic 
Ocean has apparently been continually covered with pack ice for at least the past several 
hundred thousand years. So we must consider this important subject as a matter of con- 
jecture until we can learn more about the polar ice system and its interactions with the 
climate. 

The ice sheets of Greenland and the Antarctic contain over one-quarter of all the fresh 
water on earth. If they were both melted and added to the ocean the sea level would rise by 
about 90 m (the Greenland ice sheet alone would account for about 7 m rise). A common 
theme among “prophets of doom” is the spectre of the ice sheets melting and the coastal 
cities of the world being engulfed. Let us look at this idea more carefully. First, the ice 
sheets of Greenland and the Antarctic arc very massive and their tops are several kilometers 
above sea level, meaning that precipitation on their tops will continue to be in the form 
of snow even when sea level temperatures arc above freezing. Second, their sheer mass 
means that any significant changes in volume, if they should occur, will be on a time scale 
of many centuries at least. Third, and perhaps most significant, is the curious fact first 
pointed out by Flohn (1963) that the Antarctic ice sheet has apparently grown larger during 
the warmer interglacial periods than during the glacials, when most glaciers elsewhere were 
greatly extended. This inverse effect appears to be true of the Greenland ice sheet as well 
(Lamb, 1972, p. 485). In summary, it is simply not at all evident that the great ice sheets will 
melt as a result of general warming, and they may even grow larger, lowering the sea level 
slightly. 


SHOULD WE TRY TO CONTROL THE CLIMATE? 

If mankind has become so influential that he is influencing the climate of the entire earth 
inadvertently, does it make sense to consider a plan of purposeful climate control? Perhaps 
such an effort would counteract undesirable natural changes of climate, perhaps it could 
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counteract mankind’s own effects, or perhaps it would merely maintain a more equitable 
condition and cushion the kinds of seasonal and short term anomalies that have recently 
caused so much distress in the world. 

At first sight the idea of climate control has some appeal, and there has been quite a bit of 
discussion of it in both the public and the scientific hterature (e.g., Kaplan, 1961; Fletcher, 
1969; Kellogg and Schneider, 1974). While so far there have been no serious proposals to 
change the chmate that we are aware of, there have been a number of ingenious methods 
suggested, some of them bordering on science fiction. These are summarized in Fig. 5, and 
there are undoubtedly still other ideas that will be thought of. Some depend on eliminating 



Fig. 5. Some conceivable methods for ptirposeful control of regional or global climate. 


the Arctic Ocean ice pack (which we have already shown to be relatively sensitive to change), 
some depend on changing the optical characteristics of the atmosphere and thereby chang- 
ing the thermal balance, some depend on massive cloud seeding or modifying ocean surface 
temperature in order to control hurricanes and typhoons, etc. One cannot say that they are 
definitely unfeasible, and the options expand if one visualizes a substantial portion of the 
resources of a few major countries devoted to such projects — ^the same amount that goes 
into armaments, for example. 

There are several very cogent reasons for not embarking on any climate modification or 
control scheme, the main one at present being that we cannot possibly predict the outcome 
with any certainty. It would surely be the height of irresponsibility to try to change the 
environment over a large area without fully understanding the consequences, and in fact 
scientists from many countries have already expressed themselves as favoring some formal 
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international agreement on this score before some country or group of countries decides to 
undertake such a venture (SMIC, 1971, p. 162). 

Let us imagine that at some time in the future our climate models have become so refined 
and reliable that we could predict in general the outcome of a climate modification scheme — 
and we doubt that a detailed prediction of such a complex system’s behavior will ever be 
possible. AVlio then will decide on whether to proceed or not? It is most likely that a change 
that will benefit one region will hurt another, so any such gamble will have its losers as well 
as its winners. There is a certain analogy here with the struggles that have occurred over 
water rights to rivers that flow through more than one country, and there have s imilar ly 
been heated arguments (and even violent conflict) over some efforts in the United States to 
modify rainfall when others in the area thought they would be deprived of “God’s gift”. 

There is at present no established body or forum that could adjudicate such differences 
on an international level, unless possibly the World Court in The Hague were to equip itself 
with “experts” on climate. Even then, we fear the testimony of such experts would be in 
doubt, since the situations are bound to be so tangled that it would be hard to determine 
where their scientific objectivity would be swayed by political leanings. 

If a country were to undertake a large scale project unilaterally, then its neighbors would 
be alarmed. It would not matter whether the neighbors were actually hurt by an adverse 
effect so long as they perceived an adverse effect. Who would be able to decide which was a 
natural fluctuation and which manmade? And who would step in to stop the effort? 

We have raised just a few of the concerns that exist over the spectre of purposeful climate 
control. There will undoubtedly be schemes proposed that will be considered seriously in 
some quarters, and we suggest that more thought be given first to controlling the climate 
controllers. In the meantime, it is clearly imperative for many reasons that we push ahead 
with our studies of the causes of climate change, and that we resolve to make substantial 
progress here before we permit any large scale tampering with the system that determines 
the wellbeing of so many people. 


SUMMARY AND CONCLUSIONS 

There is much that we do not understand about the causes of climate change, but we 
have gained enough insight into the complex atmosphere-ocean-ice-land system to have a 
good feeling for some of the individual factors in it. The overall heat balance of the earth is 
one of the factors that we can assess most reliably, and we can trace the impact on this 
balance of changing the radiative characteristics of the atmosphere and by adding heat to 
it directly. 

In the decades ahead there will be natural forces at work to change the climate, as there 
have been in the past. However, mankind’s addition of carbon dioxide and the consequent 
increase of the “greenhouse effect” will by itself result in several degrees of warming in the 
next 50 years or so, if we continue to bum fossil fuels at an increasing rate — ^which seems 
likely. This effect seems to be larger than the natural changes that have occurred typically 
in the past century or two, and will therefore probably prevail. There should thus be a warm- 
ing trend starting in the next decade or so, reversing the present cooling trend. 

On a somewhat longer time scale the worldwide growth of energy production and release 
will, by its sheer magnitude, begin to be an additional direct source of heat that will be 
significant and will also contribute to a warming. 
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The impact of such a global warming on mankind is difficult to analyze in detail, but any 
change of the climate will bring with it improved environments for some and deteriorating 
environments for others, and a consequent shift in sources of food. With the present inter- 
dependence of the nations of the world and the small margin that now exists between 
enough food for all and a scarcity, the readjustments necessitated by such a shifting of 
agricultural patterns will certainly bring hardship to some, especially those in the less 
developed countries. 

While the main features of a global warming do not seem to be particularly detrimental 
for society as a whole, there are some adverse possibilities that urgently call for more study 
as we recognize the many uncertainties in our knowledge of how the climate system will 
react to such a change. Perhaps the most important uncertainty in the picture is the behavior 
of snowfall over the land bordering an ice-free Arctic Ocean, since we cannot rule out the 
possibility that a new continental ice sheet might begin to form there. We do not raise this 
possibility as a cause for alarm, since we do not know whether or not it will occur, but rather 
as one outcome that would have serious consequences if it did occur and that should, 
therefore, be specifically investigated. 
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ULAM : About 20 or 40 years from now won’t it be possible to influence the climate in parts of the world ? 
The averages in themselves maybe don’t mean much. You spoke of averages as a whole and if they improved 
it in most habitable regions would one not understand much better the situation in detail? And the ways to 
influence may not be so difficult: perhaps the atmosphere circulation and the ocean currents are imstable, 
and a small amount of energy might be able to change it? There are tremendous possibilities, it seems to me, 
and certainly, your institution, which is leading in the world in such studies of that, probably is aware of it; 
certainly it is studying the climate changes in the last few thousand years, in the Near East and other places. 
One can do a tremendous amoxmt, right now, by studying the hydrodynamics, the physics in general of this 
problem, don’t you think? 

KELLOGG: There are some possible ways of modifying the climate purposefully: eliminating the Arctic 
ice pack, for example, damming the Behring Strait, pumping cold water from the deep ocean to the surface 
(if you have plenty of energy to do it), thereby changing the course of typhoons, or creating a stratospheric 
dust layer or putting one out in space, to reduce solar radiation at the surface, and so forth. These are on the 
border of science fiction, but if you imagine a large fraction of the resources of the major coimtries available 
to do this sort of thing, you could do it. Probably if we decided to do this instead of putting money into 
armaments we could afford it. One reason we don’t do it is that we cannot predict the outcome. Our fore- 
casting tools are far too blunt to allow us to make a sensible prediction of the outcome of any one of these 
things. But let’s imagine that in the future, 30 or 50 years from now, we’ll be so clever and our computers 
will be so big that we can predict the outcome of a climate control project. Would we then want to do it? I 
think that we would only consider this if there were an entirely new international mechanism which would 
make the decision. Because if you change the climate in one place for the benefit of some group, you’re 
almost surely going to hurt it someplace else. This was a conclusion that was hotly debated at the inter- 
national summer study that I attended in 1971 near Stockholm, the Study of Man’s Impact on the Climate, 
(SMIQ. There’s been another more recent international conference on climate, just last summer, and I 
wonder if this subject came up again. Bob Stewart was there; was there any discussion of it? 

STEWART : If I may answer the question : we have recently completed a conference at Wijk, in a suburb 
of Stockholm, on the subject of climate and climate modeling. The topic of deliberate climate change was 
not so hotly debated as it was during the SMIC Conference, but the discussions at Wijk were indeed relevant 
and the conclusions arrived at were essentially similar to the ones that you have indicated. We arc at present 
very very far from a position of being able to say with any confidence what is causing climate change, or 
what would be the consequences of human activity, particularly at long distances from the location of the 
activity. There was support for the SMIC conclusion that the dangers of doing experiments with climate, 
before having this very secure information about what will happen, are too great; one should resist the con- 
ducting of such experiments. I can only support the notion you have offered that it would call for quite 
different international organizations from those we now have. It is almost impossible to believe that any 
climate change could be confined to national boundaries, or, for example, the boundaries of groups of 
nations such as those in western Europe. The effects would leak over such boundaries, and with present 
international structures that would be a source of very serious difficulties, 

I should like to make one further comment concerning the outcome of this Wijk Conference concerning 

carbon dioxide. Dr. C. D. Keeling of the Scripps Institute— whom Dr. Kellogg referred to as the carbon 
dioxide man— has done some further calculations on the ability of the ocean to absorb carbon dioxide. 
From some carefully conducted chemical equilibrium calculations, he concludes that the ocean’s capability 
for absorbing carbon dioxide will in the future be rather less than had previously been estimated. He con- 
cludes that in the course of about 200 years one will have to look not for a doubling of the carbon dioxide 
content of the atmosphere but an increase fay a factor of 10. Such an increase, if you use the appropriate 
logarithmic extrapolation and if you believe Dr. Menabe’s calculations to be correct could lead to an increase 
of surface temperature of about S°. That’s a lot! ’ 



sity m one or your eariy slides. Do you have equivalent information on solar in.--; 

outside the atmosphere? In other words, is it clear that it is something that we’re doing on the earth oris 
change m the sun of some sort? n 

KELLOGG : I can answer that very briefly. The answer is probably NO ! There is no sigr^ctatt change » 
the sun so far as we can tell. 
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DOSTROVSKY ; Out in space it’s constant. 

KELLOGG: As accurately as we can measure it, which is to about 1%. 

DOSTROVSKY : The other comment I wanted to make was your comment to my talk yesterday. You 
seemed to think that your information will be reassuring. The result of my impression this morning is that 
I’m even less happy today than I was yesterday. In fact I think it’s very dangerous. So I don’t know why you 
were so confident yesterday that you were going to prove to us that there’s no danger at all. I personally 
have the feeling that you proved that there is a great danger in tampering with the temperature of the earth. 

KELLOGG: I guess that’s a value judgment, and everybody here may have different feelings about what 
constitutes a catastrophe for mankind. 

BLACKSHEAR: Could you comment on the amount of carbon dioxide that would be released on clear- 
ing the rain forests compared to what is being released by fossil fuel burning? 

KELLOGG: I’m sorry, but I don’t know what the biomass of the rain forests is. Surely if you took them 
away they would no longer have the ability to absorb additional carbon dioxide, so then man’s additions 
to the atmosphere would stay in the atmosphere longer than they do now. But I don’t know the amount of 
carbon dioxide that would be released. 

COULOMB : Je voudrais demander ci M. Stewart quelle est la raison pour laquelle Tabsorption du gaz 
carbonique augmentera tant au cours des anndes il venir puisque Teffet serait multipli^par 10 au lieu de 2 
pour I’augmentation du gaz carbonique dans I’atmosphire. 

STEWART: I am not a chemist so I have trouble talking to a chemist about this subject. However, as I 
understand it it is a question of the buffering effect produced by the change of pH of the ocean’s surface by 
the absorption of additional quantities of carbon dioxide. The balance among the various chemical species 
is such that the pH would increase to a level to which the ocean would be incapable of absorbing more carbon 
dioxide at any great rate. At the present time there is some 60 times the amount of carbon dioxide in the 
ocean as there is in the atmosphere. But it seems that an increment in the total quantity of carbon dioxide 
from that number of 61 to a number of, say, 70 would put something like tliree-quarters of the increase into 
the atmosphere and not in the ocean. It appears that the ocean has absorbed most of the carbon dioxide it is 
able to absorb according to these calculations. It seems that the pH is already moving in the direction of 
increased acidity. Not being a chemist I cannot discuss this in detail. 

GUERON: II y a d’une part 6videmment I’^quilibre acido-basique de I’oc^an qui est influence par la 
temperature mais il y a des effets plus compUques encore parce que Tabsorption du COj par les eaux oc6a- 
niques et sa disposition ultime sous forme de sediment peu soluble n’est pas seulement un effet d’dquilibre; 
il y a un effet de diffusion et un effet de transport et Teffet cin6tique est plus difficile encore a calculer prdcisd- 
ment que Teffet d’equilibre. D’autre part, s’il y a une eldvation de temperature, il faut voir quel est son effet 
accdldrateur sur Tabsorption biologique du COj ^ la surface des oedans. Et je ne sais pas si Ton a tenu compte 
de cela suffisamment actuellement. Il y a vraiment beaucoup d’incertitudes et on ne pent que rejoindre la 
conclusion de M. Kellogg qu’une quantity enorme de recherches difficiles est h faire mais vraiment absolu- 
ment ndeessaires dans Timmediat. 

KELLOGG: I just want to reinforce what the previous speaker has just said, namely that the oceans have 
a dynamic effect. The carbon dioxide in the oceans is 60 times that in the atmosphere, and most of it is in the 
deep part of the oceans which have no contact with the atmosphere. So there is a time factor involved with 
the exchange of the surface waters, which are more or less in equilibrium with the atmosphere, and the deep 
waters. So over a very long period of time (several centuries at least) the carbon dioxide could be taken up by 
the oceans, but right now it’s only added to the upper few hundred meters of the ocean that is involved in 
this absorption. 

GUERON: I just wanted to add one figure. It is well known at the present time that half the increased 
input of carbon dioxide in the atmosphere is taken up by the ocean. 
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Tlic quc<ffon of oil .'ind tlic oce.in is one that arises quite frequently in discussing energy 
considerations localise the most rapid growth of any large source of energy in the last few 
decades has been that of oil. Oil is increasingly transported by sea. Enormous quantities 
arc now involved, and in recent years there has been a very large change in the routes used, 
particularly because of the closing of the Suez Oinal. The canal will presumably be opened 
before vciy long, but we must not c.xpcct the routes to change back to those of 1965 and 
earlier because the tankers now ettrrying the oil arc too large for any Suez Canal that will be 
built for some time. It should also be pointed out that there is a flow of oil now towards 
J3p.an which is of the .*^.11110 order of magnitude as that towards Europe. 

Enormous quantities of oil arc now being transported on the ocean. A good deal of it is 
getting into the ocean. The question then arises; docs it matter if the oil gets into the ocean? 
I think it is easy to exaggerate the importance of this oil in the ocean. Having considered 
this question seriously, 1 have come to the personal conclusion that the importance is mostly 
in what you see. It's mostly c.xtrcmcly evident. Oil which has been on the surface for some 
time becomes weathered into a tarry' substance not very diflerent from asphalt. Anyone who 
has been on a beach in recent years must have seen it. In some parts of the world it is dense. 
Areas in which winds and the current systems produce surface convergences— such as the 
Sargasso Sea, which was called the Sargasso Sea because it is a region of convergence and 
bits of sargassum weed arc atrried there by currents and the wind— have very substantial 
concentrations of oil. In some places oil is coming onto beaches in massive amounts, par- 
ticularly the beaches of East Africa. There is oil on the beaches of Europe. (I was in northern 
Portugal last year and was disgusted to find that in an area very far from any region of 
major industrial concentration, it was impossible to walk across the high tide line without 
soaking one’s feet in oil.) 

What docs it do? It looks ugly! That is an aesthetic cfTcct, but I have very carefully not 
said that it is just an aesthetic cfTcct because I think that aesthetic cflccts arc exceedingly 
important. In fact if we start to discuss the quality of life, towards which our attention has 
been turned, aesthetic cflccts must surely be of central importance. It matters whether the 
beaches are covered with oil or whether the waters arc covered with oil. 

But apart from that, it seems that the oil is perhaps not of tremendous concern. Many 
observations have been taken of the biological cfTcct of oil in the water and on organisras 
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along the shore. Where the quantities arc massive, such as close to an oil spill or close to a 
continuous oil leak, the clTccts can be quite dramatic and you can get very major changes in 
the species that exist and some important changes in the quantity. There arc certain organic 
materials present in some oils, in sufficient quantity, can be quite lethal to a great many 
organisms. But it turns out that the concentrations required arc such that it is not conceiv- 
able for all the amount of oil we arc likely to pump in the whole history of the utilization of 
oil by the human race— and I think that everyone will agree that that will be a very short 
history, probably less than 200 years— we will not be able to pump enough oil to seriously 
affect the biology of the ocean as a large-scale entity. The biological effects will be local. 
Indeed, some recent experiments carried out under controlled environmental conditions 
have indicated that the hydrocarbons which get into the ocean, when diluted to the extent 
that one sees them over most of the oceans, will have a slight positive effect on the biology. 
It provides a source of energy which organisms can utilize. 

Other effects have been postulated, and one should note one or two of them. It has been 
suggested that there are possibilities: to follow Dr. Kellogg’s talk, of changes in meteorology 
— perhaps changes in climate — associated with oil and water. Sufficient quantities of oil on 
the surface of the water can importantly affect the albedo, and as Dr. Kellogg has pointed 
out, albedo is a very important factor in climatology. However, again, we can’t pump enough 
oil for the quantities to be sufficient for that over most of the ocean. There are some smaller 
areas where you could get some effects. The Arctic is one. Oil is quite dark relative to the 
ice and can absorb solar heat which would be reflected from the ice. Appreciable heat is 
transmitted through the ice in radiant form and can be absorbed by oil under the ice. 
This might cause it to melt its way up through the ice column. Oil can also rise through 
brine drainage channels. If enough accumulates on or near the surface, since it is quite 
black it can significantly affect the overall albedo. That could have climatological conse- 
quences. However, again the quantity “enough” is so large that it seems unlikely that we 
will put enough oil into Arctic waters to affect the thermodynamics of Arctic ice on a large 
scale. 

At the beginning of this talk I stressed the importance of transportation of oil because it is 
indeed in transportation that we find the source of most of the oil pollution of the ocean. 
There has been much concern about the effects of offshore drilling activity as a possible 
source of oil leaking into the ocean. I think that this concern is considerably exaggerated. 

It is a very very major blowout that will put as much as 300 tons per day into the water. 

(I know of no blowout that has produced significantly more than that.) The typical history 
of even major blowouts is that the flow drops to something like 100 tons a day in a very 
short time. Now even if this were allowed to blow freely for a year, which could happen in 
certain difficult areas as, for example, the Arctic, we are still dealing with a few tens of 
thousands of tons of oil- This is in comparison with hundreds of thousands of tons carried 
per individual tanker. At present it is estimated that the transportation of oil by tanker puts 
something like 2 million tons of oil per year into the ocean. This compares with a total 
world usage of oil of about 2.5 X 10® tons. Thus something of the order of one part per 
thousand of oil that we are using is getting put into the water from marine transportation. A 
substantial fraction of that gets into the water because of obsolete techniques which should 
be forbidden— techniques which involve cleaning empty tanks with sea water and dumping 
the resulting mixture into the ocean. Some ships need modification to avoid having to use 
this technique, but there is really no excuse for it any more. At present more than half of the 
oil which is getting into the ocean from tankers comes in this way, from the approximately 
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20% of the tanker fleet still using this obsolete technique. In comparison, the oil getting in 
from olTshore production is at present only about 5% of that coming from tanker traffic. 
Municipal wastes account for substantially more than does the offshore oil production. 
Such simple things as the carelessness of operators of service stations who, having drained 
the oil from somebody’s automobile, pour it into sewers. It then runs through the sewer 
system and ends up eventually in water. 

There is a certain amount of natural oil which gets into the water. I don’t wish to quote a 
figure on this because it is in dispute by a factor of about 100. According to some arguments 
as much as 30% of the total oil getting into the ocean comes from such seepage. Other 
estimates make the amount quite negligible. Most of the seepage seems to occur in scattered 
amounts in fairly deep water and it’s difficult to calculate with any precision. One shouldn’t 
be too confident about saying that it’s negligible, but even the maximum estimates are sig- 
nificantly less than those associated with transportation. 

To repeat, then, the principal source of oil in the sea is associated with marine trans- 
portation. A lot of it now is getting there by bad technique. However, even with the best 
technique there will still be some loss into the ocean. Oil will get into the water because of 
human error. Sometimes it will get into the water because of human wilfulness, and I don’t 
know how really we overcome human wilfulness. Some time ago we had an experience in 
our own organization, which is a laboratory of the Canadian Department of the Environ- 
ment and so we ought to care! We operate ships, and one of the sources of oil in the ocean 
is the pumping of bilge water from ships — straight into the water without going into the 
cleaning facilities that are available in some harbours. We inquired rather quietly of some of 
our seamen as to what they were doing and got the reply, “Oh, it’s all right. We always do it 
at night, and we pump it across to the other side of the dock. Nobody will recognize that it 
comes from our ship.” This from a ship of the Department of the Environment ! That doesn’t 
happen any more, but I am afraid that wilfulness still exists. 

Then there is carelessness. We have queried our Navy as to why it is that so much oil gets 
into the water around their fuelling dock. They tell us that no matter how well disciplined 
their people are, and the Navy people are well disciplined, they find it impossible to get 
people always to turn off the valves in time. The fuel comes close to the top of the tank, the 
valve runs open a little too long, and some gets into the water. More serious events occur. 
On a location on our Labrador coast recently, at an American base, a tanker was unloading 
to a shore tank. After the tank had been completely filled the tanker continued to pump 
another tank full — all of which leaked into the ocean. 

Again, there was a combination of human error and human carelessness. 

Then there are troubles with ships — accidents. An examination of the kinds of accidents 
that happen with tankers shows that collisions, groundings, and rammings account for 
nearly two-thirds of the total accidents. These can only be called human error. No tanker 
will ever suffer a collision, run aground, or be rammed except by human error of one kind 
or another: failure to maintain machinery; failure to maintain navigational devices; or 
simple carelessness or error on the part of the navigator. By and large, then, we find that the 
oil that is going into the water, and having a significant aesthetic affect on the ocean, is 
getting there by human mistakes — ^human error and carelessness. 

I believe that we have to recognize that humans are prone to error and we can’t demand 
too much. Any man doing a routine job day after day will somewhere along the line almost 
certainly make a slip because his attention will not be sufBciently focused on what he is 
doing. And it is impossible to keep it sufficiently focused. There will continue to be • llisu n- 



122 


R. W. STEWART 


and groundings and rammings. There will continue to be people who pump oil into already 
full tanks. Wc have no reason to believe that wc won’t continue to pollute the ocean with 
oil. We can, however, eliminate some of the larger causes, for example by bringing all of 
the ships transporting oil up to the standard of performance of the best ships. That would 
make a sizeable reduction, but I don’t think it would eliminate it. 

Docs this mean that the oil in the ocean will accumulate with time? I think not. Recently 
our laboratory did a cruise across the whole North Pacific from west to cast, examining the 
quantity of floating oil as we went. It was found that the concentration dropped substan- 
tially as one proceeded east and in fact by the time wc reached the middle of the ocean it 
virtually disappeared. Now there arc lots of oceanographic and meteorological influences 
capable of transporting the oil from the coast of Japan towards the middle of the ocean — 
and oil has been going into the water for long enough for them to have accomplished this. 
However, the very low concentrations found would indicate that there is some kind of 
sink which prevents the levels from accumulating indefinitely. Wc don’t know what it is, 
but it seems to be there. 

To summarize then, there is a lot of oil going into the ocean now, and although the quan- 
tity can probably be substantially reduced it is unlikely that we can really eliminate it. On 
the other hand, there is reason to believe that the oil which gets into the ocean does not 
continuously accumulate there, and there is also reason to believe that the principal effect 
of oil on the water is what you see. As far as we now know, the hidden cflccts arc not of 
comparable importance. 
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II est tout juste possible, dans le temps dont nous disposons, de dresser le plan d’un expose 
qui reponde au titre figurant au programme. Je me bornerai done a cela, en tachant de faire 
ressortir la structure de ce schema. 

II faut d’abord comparer Venergie micleaire aux sources classiques d'energie thermique, 
dans toute la serie des operations allant de la mine aux dechets. 

Comme il faut beaucoup moins de combustible nucleaire que de combustible classique 
pour une meme production d’energie, I’energie nucleaire est beaucoup plus legere, en amont 
de la centrale, que I’energie classique. 

Ainsi, 1 kg de charbon, ou de petrole, completement brule dans un foyer, foumit, en 
ordre de grandeur, 10 kWh de chaleur. La m6me masse d’uranium, chargee dans un reacteur 
industriel contemporain, dorme 250 000 kWht (et en donnera 10 fois plus dans les reacteurs 
de Tavenir). De plus Turanium n’est pas — et de loin — entierement consomme: ce qui reste 
doit etre recycle. 

Meme si Ton tient compte de ce que les minerals d’uranium que Ton exploite contiennent 
quelques milliemes seulement de cet element, on con^oit que les operations d’extraction 
miniere et les traitements necessaires a la mise en forme du combustible sont beaucoup 
moins “voyantes” pour Turanium que pour le charbon ou le petrole. On est loin de la 
masse des terrils des charbonnages, des forets de derricks des champs de petrole. Et si 
imposante qu’elle soit, la masse des usines de separation isotopique est sans rapport avec 
celle des rafiineries de petrole. De plus les rejets dans I’atmosphere et dans I’eau de toute la 
chaine amont de I’energie nucleaire sont infimes, si on compare cette chaine a celle des 
combustibles conventionnels. 

Les centrales nucleaires et les centrales classiques ne sont guere differentes dans leur 
aspect et dans leur emprise sur la nature (les terrains occupes sont similaires; les lignes de 
transport du courant produit sont identiques). Les secondes ont des rejets atmospheriques 
beaucoup plus importants — qu’il s’agisse de poussieres, de chaleur ou de sous produits de 
combustion nocifs (le gaz sulfureux, par exemple) ou meme de radioactivite! Par contre les 
premieres, pour I’instant, demandent, a puissance egale, 2 fois plus d’eau de refroidissement. 
Mais ce desavantage s’attenuera, et disparaitra dans ravenir. 

La situation s’inverse quand on considere I’aval de la centrale. Les centrales ^ fuel pro- 
duisent peu de cendres, et on pent disposer aisement de celles-ci, meme si on les utiUse, en 
partie, comme source de vanadium — ^metal important, dont la plupart des gens ignorent 
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mcmc Ic nom. Lcs ccndrcs dcs ccnlndcs h cliarbon sont unc plaic, quc nous connaissons 
lous 

Par centre, le combustible ddeharge des reaeteurs nucldaires est a la fois dangereux ct 
pre'eieux: dangereux par son intense radioactivit6; precieux par le combustible non brOlc 
qu’il contient. II faut done ou le Stocker— tris longtemps— sous une constante ct vigilante 
surveillance; ou le traitor pour sdparcr le combustible rcstant (uranium d’originc ct plu- 
tonium formd dans Ic rdactcur) dc ddehets radioactifs qui, a Icur tour, doivent ctre stockds 
sous surveillance. 

L’aval nuclcairc comprend done: dcs usincs cliimiqucs pour isolcr Ics combustibles 
rcsiducls ct lcs sous-produits utiles (radiotSIcments particuliers), dcs usincs dc conditionne- 
ment dcs dtSchcls, ct dcs pares dc .slockagc dc ccux-ci. 

En rdsumti Ics residus solidcs dcs centrales classiqucs ou sont infimes, ou peuvent ctre 
abondonnes sans risques (mcmc s’ils n’cmbcllisscnt pas le paysage), Ceux dcs centrales 
nuclcaircs imposent unc industric cliimiquc d<Slicatc cl I’accumulation dc dechets qui exigent 
unc surveillance quasi ctcrncllc. 

Mais il faut bicn comprendre quc le volume dc ccs dechets dc grande radioactivitd est 
rclativcmcnt faiblc (sous forme solidc, environ 3 m^ par an pour unc ccntralc dc 1000 
MW dicctriqucs fonctionnant 300 jours par an a plcinc puissance). II faut aussi bicn com- 
prendre, que, dans lcs conditions normalcs dc fonctionnement, ricn nc sc repand dans 
I’cnvironncmcnt, ct quc la sculc emprise sur la nature consistc en Pimplantation d’usincs 
assez petites ct cxlrcmcmcnt soigndcs. 

II y a certes des ddehets dc faiblc radioactivitd; cl il y a lcs risques d’accident. Nous y 
reviendrons, mais il dtait ndccssairc dc poser la question dans son ensemble. 

Dans I’esprit public, I’cncrgie nucldairc est lidc i la craintc dc contamination radioactive. 
En effet, I’industrie nucldairc met en jcu dcs radioaclives sans precedent aussi bicn par leur 
intensite, par la diversite dc leur support chimique, ct par la multiplicite des implantations. 
A ce souci legitime repondent des precautions extremes— opcrationnelles ct reglcmentaires 
— pour la protection des travailleurs de I’industric nuclcairc, de la population, ct du milieu 
naturel. 

Mais le public oublie gendralement — ou n’a jamais su — quc nous vivons — comme tons 
les etres de la biosphere — dans un champ naturel dc rayonnement radioactif. Il est interieur, 
car nous absorbons des elements radioactifs naturels. Il est exterieur aussi: d’unc part le 
rayonnement radioactif de I’ecorce terrestre et de ratmosphere; d’autre part le rayonnement 
cosmique, apparente dans ses effets h la radioactivite. A ce champ naturel s’ajoutent les 
rayons X utilises dans I’industrie et en medecine. 

Il est important de noter des maintenant quatre points importants: 

a) le rayonnement naturel exteme est tres variable (dans un rapport de 1 a 4 ou 5) 
suivant I’altitude et la nature du sol; 

b) le rayonnement interne est de I’ordre du quart du precedent; 

c) I’apport moyen des rayons X m^dicaux est a peine inferieur au rayonnement naturel 
interne; 

d) I’apport de toutes les activit^s de I’industrie nucleaire est inferieur a 2% du rayonne- 
ment externe; tres inferieur done aux variations geographiques de celui-ci. 

Comme la vie a prospere sur terre dans les conditions (a) et (b) depuis I’origine, on a des 
raisons de ne pas craindre (d) et d’agir serieusement sur (c). 

On sait cependant que les rayonnements sont nocifs. A forte dose ils peuvent etre mortels. 
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La dose Icthalc varic largcmcnt avee les cspeces; mais pour Thomme elle n’est guere que 
4000 fois supcricurc (si die cst absorbde en un court laps de temps) i la dose naturelle d’une 
annde. Unc dose vingt fois moindre que la dose Idthale produit des effets cliniques nets. 

En termes d’cnergic ccs doses sont infimcs: la dose Idthale, pour un homme moyen, 
correspond a quelque 600 petites calories, 1/4000 de notre ration alimentaire normale. 
Moins que cc qu’il faut pour unc Idgere brOlure. Et on ne sent rien! 

Mais il y a bicn pirc. De faiblcs doses peuvent avoir des effets longtemps differes (des 
dizaincs d’anndcs) tant somatiques que gdnetiques. Des mdcanismes reparateurs entrent 
certes en oeuvre. Mais on n’a pas jusqu’ici pu prouver I’existence d’un seuil de nocivite, et 
on doit admettre que le dommage causd par les rayonneraents est proportionnel a la dose 
lotalc rcfuc, tout au long de rcxistence. 

D’oii la tendance a refuser tout accroissement, quel qu’il soit, du champ de rayonnement. 
Et cependant, nous ne pouvons nicr le fait du champ naturel dans lequel s’est ddveloppee 
toute la biosphere, et dont nous avons rappcld les fortes variations geographiques, sans 
correlation dvidente avee la vigucur ou la longdvitd des populations. 

Les rcglcmcnts rclatifs aux rayonnements, de plus en plus sdveres avee le temps, tiennent 
comptc de cette situation. En particulicr, pour I’industrie nucldaire, ils fixent aux emissions 
radioactives des plafonds absolus, et des maxima annuels, tres bas, estimes inoffensifs sur 
les bases prdeddentes, et, assortis de la rccommandation gdndrale de rester aussi loin au- 
dcssous de ccs limites qu’il cst possible. La pratique montre qu’on peut parvenir au dixieme 
ou au ccnticmc. 

Notons au passage deux questions importantes que nous devons aujourd’hui nous 
borncr a mentionner: 

a) il cst clair, d’apres cc qui precede quo la biologic des rayonnements demande un effort 
de recherche considdrable, cn particulicr dans le Ires difficile domaine de I’effet des 
faiblcs doses; 

b) cn contrepartie, I’cITet mutagene dcs rayonnements ouvre, en particulicr en biologic 
vdgdtalc appliqude, de serieux espoirs. 

L’industric nuclcairc peut done a mon avis ctre consideree comme potentiellement tres 
dangereuse, mais elle est si consciente de ce fait qu’elle est menee avee des precautions 
suffisantes pour ne pas accroitre scnsiblement le champ de rayonnement naturel. 

Cette opinion est souvent et vigoureusement contestee. Certaines objections visent, en 
dernier ressort, I’honnetete de ceux qui ctablissent, appliquent et controlent les reglements 
de securite. Je les ecartc, mais dois les mentionner parce que, malheureusement, elles ne 
sont pas sans influence. 

Je voudrais seulement examiner brievement, et du seul point de vue de I’impact sur la 
nature (done en ecartant ce qui conceme la securite du travail entre autres), les objections 
basees sur les motifs suivants: 

a) augmentation inevitable de la radioactivite ambiante; 

b) risques d’accidents; 

c) incertitudes sur la gestion a long terme des dechets; 

d) existence de solutions techniques alternatives. 
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From all these plants the radioactive effluents arc strictly limited and monitored by 
national authorities acting along lines generally approved at an international level. 

Such effluents do not contribute much to the radiation burden : at most less than 2% of 
the range of variation of the natural radiation field ; much less than the usual man-made 
radiation (e.g., diagnosis or curative X-rayons). 

High activity waste products arc never released and must be stored and monitored. 

Nuclear power stations and fuel reprocessing plants arc built and operated under strict 
systems of licensing and inspection aimed at avoiding any large scale accidents. The con- 
sequences of such accidents might be comparable to those of major floods or earthquakes. 
But they appear very much less probable than these natural catastrophes. 

Nevertheless, research and development towards the improvement of the safety of 
nuclear plants of all descriptions must be, and is, actively pursued. 

So must be the development of alternative primary energy sources. However, such sources 
do not seem able to provide, within the next 25-50 years, an industrial substitute for nuclear 
energy. 
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LAWAND: I have a question for Mr. Kellogg and Mr. Stewart. Mr. Kellogg, I noticed in your expos6, 
which was very interesting, a lack of reference at all to oxygen. Although I’m not an authority on this. I’m 
just rather curious. There have been some studies undertaken in the city of New York already. There are 
certain health effects which are manifested when people go from the city to rural areas because of small 
diminuations in the oxygen content. I was just wondering if you had any comments on this effect? What do 
you think the long term effect might be on the oxygen supply? Also, what about the cutting down of those 
tropical rain forests? Won’t that affect the oxygen supply? 

KELLOGG: This matter of the oxygen balance has been raised a number of times — ^more, I should say, 
in the popular literature than in the scientific literature. In the Study of Man’s Impact on the Climate 
(SMIQ, which was a report of an international meeting in 1971, there was a section on the subject. We 
recognized that a lot of people are concerned about the depletion of oxygen, and we looked at the matter 
and found that it is almost certainly not a problem. It is inconceivable, in our opinion, that the balance of 
atmospheric oxygen could be greatly changed by anything that man could do. You would have to wipe out 
all plant life on the earth to have much of an effect. The life in the ocean contributes some oxygen, but even 
if by some mechanism you were to wipe out the plant life in the ocean, even this would not have a large 
effect on the oxygen balance. 

LAWAND ; . . . I was just curious whether the graphs which have been taken in great detail on carbon 
dioxide level had been also done on oxygen level. Has that been done and is there any effect? (Affirmative 
answer by Kellogg). Thank you very much, that’s quite reassuring. My next question is to Dr. Stewart. 
Though I agree with you that the oil is ugly, I was curious as to the nature in which it disperses itself on the 
ocean surface and whether any studies have been done in depth on its effect on evaporation. 

STEWART: Yes. This topic has been studied. On the ocean surface a new oil spill will produce a layer 
of a liquid which can be quite thick, sometimes of the order of several centimeters and quite frequently of a 
few millimeters. In such a condition evaporation is completely inhibited. However, if you do a calculation 
even of a massive oil spill, the area covered at such a thickness is of the order of a few hundred kilometers 
square (a million tons of oil spread uniformly over a square 100 km on the side would be only slightly over 

mm thick). Such an area is small compared with the ocean. In practice, within a couple of days the light 
fractions of oil evaporate and leave only the heavy fractions. These interact with the water to produce a 
variety of materials including mixtures of oil in water and other mixtmes of water in oil, most of which 
float but some of which don’t. The material formed tends to cluster into little clumps ranging in size from 
about that of a pin head to things that sometimes weigh as much as a ton. These gatherings are now so 
scattered throughout the ocean that there is virtually no effect on evaporation at all. Thus, although there is 
an appreciable effect on evaporation over a small area immediately after a spill, the effects on the evaporation 
on a large scale over long periods of time are quite negligible. 

LAWAND: It’s not then dispersed in thinner and thinner layers? It actually coalesces? 

STEWART : That is right. After interaction with the air and with the water the resulting material coalesces. 

LAWAND: . . .It’s on both these points on the oxygen and oil and other factors that one sort of worries 
when we see projections, for example, for increasing our power consumption by 4 and 5 times what the 
long term effect of these effects might be. 

LEWIS: Although Dr. Gueron was most encouraging, I think I can give you a little more encouragement 
concerning the management of radioactive wastes. I have a publication, now two years old. Radioactive 
Waste Management in the Long Term. The particular trick of this was to turn yourself around in time. If you 
suppose that you are operating a plant, looking after radioactive wastes, and there is a constant supply 
coming in, you will find your greatest concern is the wastes that have come in from the power reactors in the 
last 10 years, because they are more highly radioactive, their heat output is greater, and in fact if we make an 
estimate of how much of your effort would be spent on the waste from the last 10 years and then all the 
wastes cumulatively, back to infinity — actually I only took it to 2000 years but one can see it going on that 
way — that the old wastes involve a much smaller effort. That is to say you do not need a vast and impossible 
space for looking after 300 million kWts. The active bed of the old wastes — let’s say beyond 10 years — 
after 2000 years would only be 2 m deep and half a kilometer square. One can think of this being in the plant 
that you are operating, looking after all the new wastes. Let us say that looking after 300 million kWs in 
that way for a world generously supplied with energy, perhaps the total number of plants in the whole 
world would only be 1000. 
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BLACKSHEAR: After what length of time and what power level? 

LEWIS: What I was saying here was that looking after the wastes from 300 million kWs, actually on the 
thorium cyele, but that was the only one I was interested in in the long term, the bed of the highly active 
wastes in the last 2000— forgetting the last 10 years— just go baek, going back 2000 years— that bed would be 
quite small: 2 m deep and 0.5 km square. The heat energy from this plant mostly comes from the waste of 
the last 10 years. Tlie total energy out would be 2 million kWs thermal, whicli is much the same ns the require- 
ment for siting a single small nuclear power plant. 

BLACKSHEAR: After 2000 years, that’s all the waste you have? 

LEWIS: Yes. 

GUERON: What Dr. Lewis has said is entirely true. You must, nevertheless, qualify it in this way: this 
is true of a waste deposit in whieh no incident occurs. You must, nevertheless, organize and police your 
deposit so as to take care of accidents occurring on young as well as on old wastes. This would complicate 
matters a little. 

LEWIS : If I might just come back on that point. The b.asic idea of this plant is that it would be surrounded 
by what sometimes I call a “moat”, a sort of no-man’s land. If any radioactivity escapes into the moat it is 
easy to process air or water — and the moat would be water with air over it — to bring the level of activity 
down so that you can cither put it back into the moat or back into the biosphere, while putting the radio- 
activity back from where it escaped. 

KELLOGG: I would like to ask M. Gudron a question. He mentioned various possible places in which 
to store the radioactive waste material. One of them was in an ice sheet where the heat could melt the ice 
underneath it and would finally rest at the bottom of the ice sheet. A proposal has been made (by an individual 
not here) that such waste be put into the Antarctic, which is a long way away and is generally considered as 
international territory. Apart from the fact that an international agreement would probably bo very hard to 
reach, a few months ago I listened to a debate by a group of glaciologists who considered this proposal to 
see if they had any reason to agree with it. There was general disagreement. The reason for disagreement was 
that they were given the boundary condition that this radioactive waste should be kept out of the open part 
of the system for about 500 000 years. That is such a long time that we simply do not know how to predict 
the motions of these great Antarctic icc sheets well enough. We can’t guarantee that it will not be coming out 
into the ocean in the course of such a long period. 

GUERON: I’m sorry. Dr. Kellogg; probably the translation led to a misunderstanding. You must realize 
that when I spoke of this solution — which I think, incidentally, was first proposed concerning Greenland 
by a German scientist — it smelled of air bombings because he proposed parachuting the cans from planes. 

I mentioned such solutions as futuristic, in a somewhat humoristic way, in particular the case of icc burial. 

I stated that of course you could not rely on this. I feel that the variant which considers melting rock, and 
going therefore very deep, is much more serious. But again, it is futuristic. At the present time you have no 
alternative but to control the waste. I might mention also one more futuristic idea which is to put the waste in 
the rift where the tectonic plates come under one another, not where they separate but where they converge. 
Then the waste would go into the mantle. Well, all these arc impracticable were it only because of the neces- 
sary long distance transport. The deep burial looks much more feasible. But you must realize that in all 
such proposals the radioactive mass will have been carefully enclosed and before that embedded into a 
solid of very low chemical reactivity. Nevertheless, safety evaluations assume a very fast release and extremely 
quick leaching out of radioactive material from this chemically inert mass. It is reasonable to assume this 
because you always have to put yourself in the worst case. But you also have to estimate probabilities of the 
worst case — not only the possibilities, but the probabilities. This is extremely important. It works on the 
same sort of reasoning that people object to sea burial of low activity waste. Because if everything you put 
at one time was immediately released and leached out on the spot — if there were at this spot no natural 
fixation mechanism by sediments — then you might have something dangerous in a limited way. It is reason- 
able to assume this for safety. It is unreasonable to assume it as a probability. 

CAPRIOGLIO: I should also like to make a comment on Dr. Gueron’s expose, particularly on this very 
important question of disposal of waste from nuclear power stations in the long term. I should like to make 
the point that this highly radioactive waste in fact can be distinguished into two portions: one is the alpha 
active portion, which is in fact the one that is particularly dangerous at very long term. One is talking about 
thousands or tens of thousands of years. And the non-alpha decaying waste of fission products, which are 
much shorter-lived and much easier to dispose of. If one makes the separation — and this can be economically 
sensible once mankind would have very large amounts of waste to deal with — then it becomes feasible or 
conceivable (and I think economically viable) to bum the alpha active waste in nuclear reactors. This would 
practically eliminate them and make new fission products which can be disposed of. This is something I 
think is well worth examining, at least among the futuristic lines mentioned by Dr. Gudron. 

BLACKSHEAR: I wonder if I could ask Df. Stewart to apply some of his experience in the oil field 
where, as he mentioned, accidents were inevitable and that willful misuse of procedures was inevitable in 
almost every operation. You have experience that suggests that 1 part in 1000 of the oil handled escaped into 
the atmosphere. Can you apply this to what you just heard from the nuclear establishment and their high 
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hopes of far tighter control on emissions? Finally, I would like to address the question of the inventory of 
unaccounted for nuclear fuel. Dr. Gueron, after Dr. Stewart has replied. 

STEWART: I should emphasize that although from time to time I work in association with the oil com- 
panies I am actually in the Canadian Federal Department of the Environment. To respond; I think that 
there is no doubt that errors, indeed almost any conceivable error, will happen sooner or later. No amount 
of caution will prevent all errors. There is an old s.aying that j’ou can make things foolproof, but you can’t 
make them damn-fool proof. Unfortunately there arc a lot of damn fools around who deliberately, purpose- 
fully, eliminate all of the safeguards that have been put in place for their protection or the protection of 
others, in order to eliminate even minor inconveniences to their activities. 

GUERON: I would like to qualify your question in respect to my talk. I was asked to talk abcut the 
impact of nuclear energy on nature. I can specifically .say that I was c,\cluding the questions of plant safety 
and so on. llut you must realize that when you speak of unaccounted for nuclear fuel this simply means that 
in any sj'sicm of control you cannot make the balance fit to c.xactly 100%. You have a margin of error which 
you can reduce more or tc.ss, and here you have a l.aw that the difiiculty or the cost, grows exponentially 
with the cfiicicncj'. But if your balance— and we’re now going out of the problem of the impact on nature — 
docs not fit to 100"i, it docs not mean that you have a loss or that you have had a theft. It means that you 
don’t know. In most eases you will have had neither loss nor theft. You will have had accounting errors in 
your processing s>-stcm, somewhere in your chemical determinations, in your volume estimates or in your 
computations. When you have this risk of fault, the risk is not an impact on nature — and I did not cover it — 
the risk is that of a willful diversion. Thai’s quite another problem. It is not at all ca.sy to willfully divert 
dangerous material. It's not so easy to sabotage a nuclear plant. And we can talk a lot about this. But this is 
not the subject 1 was asked to deal with. 

BLACKSHIL'Ml: But could you give us an idea of the magnitude of the unaccounted for fuel? And if it 
all were in nature, the amount of damage it could produce? 

GUERON: Evco'onc with experience of a chemical plant knows that a material balance sheet which fils 
to within 1% is verj’ pood indeed. There is no mining plant, there is no refinery, there i.s no metallurgical 
plant where you can have accounting certainty, that what you have put in plus what you have as waste plus 
what you haxc produced fits to belter than 1% of the inputs. You would need enormous expense to make it 
fit to 0.1% or closer. But again, the fact that it doesn’t fit in that way docs not mean that the dilTcrcncc — 
which may be an excess ratlicr than a deficit, mind you— has been stolen, willfully diverted in a completely 
uncontrolled manner, or spread in the nearby environment. But there arc very' .sensitive detection devices 
which would detect people caro'ing out these nidioaclivc or fissile materials. This provides tests entirely 
independent of whether your materials balance sheet does or docs not fit better than 1 % or even 0.1 %. So 
when you look at or play with these son of assumptions, you must be extremely specific, otherwise everyone, 
cx'cry answer, can get into terrible nonsense. 

BLACKSHEAR: Over and above the error of 1% or whatever the precision might be, there was sub- 
stantial unaccounted for fuel in the United States. 1 wondered if with your experience in Europe there was a 
similar large, unaccounted for balance over and beyond the normal chemical plant precision? 

GUERON: I have not been directly responsible for such things in an operating plant. I know that there 
have been a number of c,xamplcs of lousy operation, they did not eoncern very great amounts in absolute 
terms, and I would say that the fact that they have come to light is a good thing. 

LA WAND: Again for M, Gueron, and I assure the sentiments of my colleague from Minnesota; I’m 
not quite as optimistic. Perhaps Dr. I.ewis could help answer this question ns well. I’m not in the nuclear 
field. I’m just curious. Is any research being done to try to — I don’t quite know what the term would be — to 
neutralize or dispense with these wastes in some other manner? Or is storage the only consideration? I know 
in your field it may be an obvious question, but I remember rending quite a while back that some crackpot 
claimed that he could neutralize these wastes. Is there anything in that at all? 

GUERON: Well, Dr. Oiprioglio mentioned one ease. You cannot do anything with radioactivity except 
by nuclear methods. This is not easy and it is expensive. Dr. Oiprioglio mentioned that if you could separate 
from the waste (apart from the fission products), the alpha active isotopes, some of which arc very long-lived, 
then you could dispose of them, transforming them into short-lived activities by putting them in nuclear 
reactors. 

LA WAND: Excuse me. Could you define short-lived? 

GUERON: A few years instead of a number of centuries. Sometimes seconds. For some of these products 
you have an enormous range or half-lives, but the worst would have a half-life of a few tens of years instead 
of a number of centuries, and it would be an improvement. But, as he pointed out, this corresponds only to a 
small fraction of the waste. The bulk waste, as Dr. Lewis has rightly pointed out, is mostly that of the last 
10 years. 

LEWIS: Perhaps I can give a little comfort. I have retired now, I have had a long experience, in fact since 
1930, handling radioactive materials, including some 20 kgs of separated plutonium. We’ve handled this. 
We have the accidents, we have stupidities, we have all these things, but one goes at this in a practical way. 
For example, one may have a fire in a fume hood with plutonium. The practical method is first of all to stop 
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the fire, then, with the usual gas mask or complete protective suiting, to approach with a paint spray gun 
and spray all the exposed surfaces, because the hazard from plutonium is that it becomes airborne as an 
aerosol, that one would then breathe, and, in the long term, something might stick in the lung and there 
might be trouble. So you go about it in this way, just suited to the partiailar trouble that you’ve encountered, 
Wliat we can say is that we have found a practical method of dealing with every situation that we’ve en- 
countered. I think the most didlcult one was in 1952 when we had about 10 000 curies of various age fission 
products in a million gallons of waste water in the basement of the reactor building. Well, we restored the 
reactor. It’s given very great service since and we have not encountered any radiation trouble that we know 
to any of the workers that were involved there. We believe that we know that the situation is satisfactorily 
under control. Naturally, plutonium and other things arc there in the wastes. But again, this question of a 
waste. Why do you leave plutonium in a waste? That is because it is dilUcult to take it out. It is equally 
difllcult for the animal— human or otherwise— to t.ake it out, to do some damage to himself. I think— if he 
wanted plutonium— he wouldn’t look in the wastes. He’d look to see if he could steal it from a better place. 
So that one has to make the access to the more concentrated material dilBcult in several degrees. We usually 
work on the principle of multiple barriers. Again, you have to put in the multiple barriers to the extent 
necessary. I will say this: working in radioactive plants with large amounts of radioactivity, you do have to 
take steps that arc not taken in an ordinary plant. But over the years— things always look a little frightening 
when you first come upon them and realize that this is something you’re going to have to do, but when it 
comes to the point, you find that there arc some very obvious steps that you take. I feel that one of the 
greatest things we’ve got to beware of is extending the commercialization of this business, because there you 
find, let us say we have shipped plutonium from one place to another and the accounts always show that 
less arrives than departs. You know that this is a human failing and not a real occurrence. It is simply that 
everyone is afraid that they may lose a little and, if they have not taken on quite as much, it’s a little better. 
Unfortunately this means that one must avoid as much as possible these shipping transactions of handing 
over of responsibility from one to another. This is part of the philosophy I’ve developed in the matter of 
handling wastes: that these arc not shipped out; some go back to the reactor; there is recycling within the 
plant and there is this radioactive storage. But I feel that there is a lot in this philosophy and I feel quite 
hopeful that the realities of the situation will force the human beings of the future operating on so large a 
scale to adopt practical measures. 

DOSTROVSKY; I think that the sanguine attitude which is taken by the nuclear industry with respect 
to the questions we’ve just been dealing with is really not justified by the history. Your question was obviously 
a loaded one, potentially. I mean you know very well that hundreds of kilograms have been floating around 
unaccounted for in the United States — everybody knows this; it’s in the papers. We also know that plutonium 
is found outside the confines of various plants in the United States — in the ground, in the soil — which means 
stuff is escaping. We’ve had this leakage at Handford and we had the Windscalc accident, so the history 
shows what you’ve said. Doctor, that the people in the nuclear industry arc not more infallible than in other 
parts of industry. They’re human beings. 1 think it’s not a question for engineers, but psychologists. I don’t 
think there’s any chance of a human being suddenly turning up to be a perfect error-free machine. Therefore 
I think that one should be prepared for the fact that there will be dissipation. I’m not talking about diversion. 
I’m talking about really genuine errors, mistakes, and so on. Dr. Gudron mentioned 1 %, which is tremendous 
if you translate it into the amounts of plutonium that will be going around the cycle in a few years. It may 
mean that tons of plutonium will get into the environment. This 1 %: for all I know it may be stuck in little 
bits of filter papers in the various plastic bags that arc revolving around in the waste disposal cycles. I don’t 
know. But you have to assume that it is going to be in the environment. So, altogether, I don’t think the 
question should beswept under the carpet. I think it’s a serious question; it relates to limits of human abilities. 
We’re dealing here with a subject that is quantitatively different. Up to now the things we’ve been doing 
have been more or less within the limits of human abilities, and we’ve lived uath it. Now I think we’re getting 
into a matter which really taxes the ability of the human being to really control entirely, and I think we 
should be fully aware of this qualitative difference. One little point about what Mr. Lewis has said. You 
know that the long-lived products, of course, accumulate in the area— you don’t get the steady state in the 
year 2000 in plutonium. So the steady state you seem to indicate on the fission products, certainly is there, 
for the relatively shorter one— hundreds of years already is short-lived on that scale. But the long-lived 
materials will, of course, keep on building up for thousands and thousands of years. If we are talking about 
500 000 years or something like that, then maybe we reach a steady state. I don’t argue about this point. 
Tm just saying that plutonium has a long half-life and you’re not going to reach a steady state on plutonium 
until 100 000 years from now. That is a mathematical fact. There is no argument about that. So you’re not 
going to reach a steady state, you’re going to build up. .... 

LEWIS: My report that I quoted is not a long report but has a lot of detail. Plutonium is, of course, 
valuable; we want to get as much back into the reactor as possible, if not at the first recycle then at a later 
recycling. The idea is that if we are putting anything into the environment, then it is something that is 
monitored at these multiple barriers to keep radioactivity from just falling into the environment. In thwe 
moats we’re looking for it; if we find any there has to have been a major error in the system. Let us pomt 
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CM tlt.ll thr experience llt.it Itm been in titc ncwrp.ii'crs, fn'rn iltc United Sinic-.. nnd olltcn:, nil concern 
cictioni th.n pcrh.ipx people h.ivc Icontcd ftt'nt f-o tlt.ii ibry won't do it np-iin, ttccnnxc iltcy nren't nccermry. 
1 c-in'f rccopniee n •cen.ttio liPe tls.i! in the Cnr.ndinn opkcrntion. Wc'ic on n tmicli sm.illcr rente nnd 1 don’t 
WM!)! to pretend th.it we’xc h.id nny of the proMcm*- thnl h.iie conte tip in the United Stnlci. Hut I tliint; wr 
tro'c n pl.tn. 

GUllRON; Of cotir-e I could not po into dct.ii!'.. 1 wnnted to ,'.t.iy wirhin my n'.Mpncd time. Hut to re- 
emplt.firc nnd reinforce wh.il Dr. Ixwr. r-nid. 1 wnnt to itnfc Iht?. 1'. it inrc lli.it there li.nr. Irccn the Windicnic 
inerdent .tnd other*. I mrrniortrd ihenthrirlly hy •rtyinn th.i! they h-id h.id no otiPicIc effect of nny irnportnncc. 
In the ce.'-c of \Vind-.c-i!c the miii. fo'rn n limited rtiiTonndinp cossnirj-ijdc v-n.'. dc.troycd for nboni two weeh.'!. 
Idi.it’r. nil n.nd thrrc'r. notliinp Irli. Th,r f.-.ct tlt.it rome pln'onitrm i'. fo-, ind in the vicinity of plinP. ii irtic. 
And it ie-idt, ro Dr. l.r*'!’- h-~.'. •-nd. to relnfotvxd ine.i'nre'- nnd more c.irrfnl ojvr.itii'n'-. Tlie lent; in the 
H.it'.fi'rd tint.'. »s t>p!C,i! of m::m.ir..'.j:r!nrnt r.nd ih'ppy pr4'>cediirci. Ihil whit ii f.ipnificnnl nho ji thni you 
hive tren here the cnn icncy of rt n.ir«t.d iMfrier wliich i'- wjilcly not t.ii.cn into .■'.cctmr!!. It it the enormous 
c.’p.-;e;ty I'f r oil end roeV.-- of rd! dc'-ctiption to ;o. xrry '.dsdly r. prent variety «'f tliernic-i) '.pcciei nnd to lent; 


them out t-nly \ rry. very tlow iy to the cn\itonr;-.rni. We nun! r.v>t msVe th.-it «'ne of lire volunt.iry hirricrr, of 
the nv.ihiplc vv'lunt.ity h.irr im, which ire the njlc « f r.iiclmr encfpy n*. Dr. pointed out. Hut v.r mu'd 
n.'! eirhrr ipnorc th..'.! it cvo.t*- irsd tlr.ii it i'. .•», ter? i-f n.-'liirnl '..'.fe.pti.ird np.iimt tn.* 

HI,.NC'K.'^H1-.’\H; 1 h-'.te fo br.it t!-.;', dop too Jnetd but 1 thir.h v.e «!o It.nve .n very v.ilu.iMo recourre hcrer 
the c'prrsencc ef ih.e oil ir.dn-.tjy. Jf | <'j;r y.:'.' i iv mi;-" rp.iin wlvif Dr. Klfw.iri Mid w.i'. tbit it tv not in the 
e.itly c.ipr-. or the r’cnnip jr-.e.irvh •.'..ire'- or the rKitinp firrl ronr.d of employer*, in nny bu'.inc*-*.', but it's 
the i'ld de.'drr.sr.R fi'mji'r where rcvidenti .m-d c-irc!r.-.-nrv'. txvur .‘•.nd where dorniiMt is po-.'.ih!c. I tbint; 
th.'.i the po'.'dwhry of rcc-'.trr.!'. oecurrir;* i*. inrvir.-'hlr; ih.r p.>-..5:)iility I'f d.ivr.o.ion iv .ilrnoii inevii.'ible. I 
Iniv-r .*i frclinp tint w e’tr not dojnp hnm.'.nity n •..rrvjcr t;y r.j'hir.p m fo deploy n’.sclr-ir cnerpy Ixforc wr enn 
cvh.'.u't .-.Ib-thcr poi.wMr rnr.tni c! hrir-.pn*" enrrpvtobunv’.nii) . 'Ihc pov.thdiiy «‘f tlivrr-ion nnd of.nceidcnt.s 
si r u.di .".n .‘.pp-.lhnp ■.•Aord to h..inp ever hnm.iniry. thr tw-.s ijite-.tifmi 1 }-..ivc (<K file .itronp mrelc.ir propon- 
e*‘.t‘. which w e • erm to li.ive if. .ihr-nd.-ince here .".re: (1 j If there w eft r.lim'..n>vfi, i\iui!d \ou, the projvoncnis, 
recom.mrnd itrfrrrin.e slrj'h'iinrr.t c'f ntielrc.r rrirtpy tsmsi fl'.rt-r .litcrn.itivei w ere cvb.iu'.tcil? (') Omiiderinp 
Ih.e r-.-v.lr r'f rech.r.oh-yy or tlie Ic'cS of irc!;n<-h'py t!..",t't tcipiircd t'l m.iint.iin the r.ifcptt.ird', would you 
frcommrpi! tlfph'iirrp r.'.K'e;.: corrpy in dcvc’opmp c^nintric*. fhi\ point? 

Gt.’ilHOS: I wrn'd h.i.e to ny tls.it if there were .-.Itcmitivc 'cch.rrolopiri, .ind if the inip.tci on n.ilurc 
of their .‘drernitivr trch.no'opin l’..id been e'plorcvf fo the mtne eitem. fire:) ! would prefer other tccbnolo* 
pin. Hit. first, time lech.iv.th'pin do not ciiit .ird they ,irr not .'.round the corner. It miy Iv: lyrcnuic of a 
rni't.'.i.c t ■’mthodi rnrile ,‘0 yem rpo; ill rip!;:. Hut tbry ttc not evi'-t .ind they c.ittnot lx developed find 
deployed wv.l-.m the neit .V) )T,’.rv on the tC.ilc luhicirrif to tn’l.'Ce nuele.ir cnerpy. .‘'ecsmd, 1 nm cef'.iiri lli.nt 
M rii'.y frch.mdopy f-'i nc.'.ter (<’ slephn-ment, po.'d stn! b.vd re.ivorn, or pi.'od .ind b.id motiver., will detect 
i.ncre.v mp imp.icf on n.itssre. Third, m so vUvrrlirr ji'U ihmild develop ntsc'c-ir cnerpy in dcvclopinp countries: 
ii'j .1 mntirr t'f iMhuvrc. Wc h.-.w b.id rx'.m:’!ri,itse.h .n the incideri: which h.ippencd in Vupovl.ivi.i, sbawinp 
ih..if vo.i I',;!V'c rrmre firi-v with .-.n ndv.incrd tcchnolon- in *urroundinpv where ih.c deprre of tcchnolopicnl 
nvv.irenn.', iv r-'rnev.h..i! lower, f'ln th.e orher li.md you t.iy r.ecidenti will occur. .So do we. Simply tb.e r.itio of 
tlic cffi'ri p.hnp iruo proJurrion to sh-e cs'n.itol .ind turveiU.it;oe ii .i furiction of ilieic dnnpers. If there were 
no more .i w.-rene'.*. .ir’.d no mine erre m imcle-sr pl.iniv thin ih-crc .ire tm hiiildinp •.itev, \ ou would rec another 
itory. H'.ii we ire ;.v>.nc of (he ihintn .md we f.iSc the prrc.iutiom. in dciipn, in buildinp, in opirmtion, in 
conrri'l. Tl'.crc will be r.ccidrm-.. There will lx f.iulns. Hut don't im.ipinc ili.ii it ii c.ivy to pet in nnd po out 
with a l.ilo of {'luioniurn irj voar pocJci, 

LUWIS: I hive a j'..‘.pef cornin;: up ihii nfienioon and il<cref<'re I will only r..iy one little thinp for those 
who nviy not >xe the paper ihii nfierni'mn. ?dy re.ile of co-.t .ind Ixnctiis— the beticfit llini I’m lookinp for is 
the allcviiiion of poverty and ‘iarv.ition in the world. Tlie covt ii t.ikinp this p.inicul.ir care nnd special 
trouble .ind phsnninp neecnary for .ibundint nucle.ir power. 


* (A'ore In prot<f) 

It has been f.hovvn that a ii.Hunil nuclear reactor npemted spontaneously in Gabon, for many centuries, 
about one and a half billion years neo, nnd that since then nil the lisvion products so formed h.ivc cs.scntially 
stayed put, on (he spot. 
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INTRODUCTION 


G. Randers 


It is obvious to everybody that our choice of energy production methods in the future is 
going to influence heavily our way of living. A year ago, when I was still with the Science 
Division in NATO, we had a symposium considering what would happen if only energy 
considerations were governing the future of societies in the Western world. I think it was a 
consensus that we then would end up with some kind of science fiction situation: people 
living in caves beneath all their machinery needed for making energy and producing food. 
This is obviously a satisfactory solution from a pure energy point of view, but what we are 
going to discuss today is whether we are forced to, or want to, make such a choice for the 
future. What can we do to find a more acceptable life, where energy is not the sole factor 
deciding what we are going to do and how are we going to live, but where energy will be 
put in its right place together with other factors? 




IMPORTANCE ET LIMITES DU FACTEUR 
ENERGETIQUE DANS LE DEYELOPPEMENT DU MONDE 


J. CoirruRC 


Ccriscilhrr pour riuurgic, Spcictc Gcui rolc, 29 boulevard Haussmanit, 

7S00S Paris, France 


INTRODUCTION 

Depuis la fin dc la $ccondc puerre mondialc. Ics economics occidcntalcs ct ccllcs dc notre 
pays notamrnent sc soni placccs sous Ic signe du dcvcloppcmcnt, du progres conlinu. 
Ncccssairc d'abord pour fairc face aux besoins dc la rcconslruction d’linc Europe devastde, 
eel cfTori a etc maintenu par la suite cn vuc d’anu^liorcr Ic niveau dc vie dcs citoyens ct dc 
diminucr Ics ccaris qui Ics separent. 11 csl vile aparu dc plus qu’un vastc problemc sc posait 
aux Nations nantics: apportcr Icur aide aux peoples qui n'avaicnl pas encore pris part au 
dcvcloppcmcnt industrici dc fa^on a reduire aussi Ics incgaliicc entre Ics Pays. 

Mais cc dcvcloppcmcnt cconomiquc a unc contrcparlic qui vient dc s’acccntucr depuis 
quclques annecs; nous sommes cn effet quclquc peu pris dc vertige, la reflexion, devant 
ccltc poussec sans limitc. Ceux qui rcflcchisscnt au dcstin dc Phomme sont frappes par 
Ics enormes consommations cl souvent Ics dnormes gaspillagcs dc malicrcs premieres 
qu'cntrainc Ic dcvcloppcmcnt ainsi que par I’accumulalion d'clTcts nocifs qui deviennent 
scnsiblcs a tons. On doit sc demander si I’allurc pcul continuer i clrc indefiniment accclcrcc. 
C'csi cctlc question que sc pose I’lnstilut dc la Vic. L’cncrgic constituanl i\ plusicurs igards 
un rcvdlatcur intercssant, son Pre-sidcnl Ic Professcur Marois m’a demande dc I’abordcr 
sous cct angle devant vous. 

Un examen rapidc dcs dcvcloppcmcnls passes parait s’imposcr pour cclaircr I’avcnir. 


I. ENERGIES ANIMALE ET VEGETABLE 

L’encrgic solairc qui a etc longtcmps la sculc source d’cncrgic pour la planetc, a ct6 
utiliscc d’abord (avee unc cascade dc rendements catastrophiques) par I’assimilation 
chlorophyllicnnc, laqucllc fixait Ic dioxyde dc carbonc dc I’atmosphcrc pour la constitution 
dcs tissus vcgclaux; CCS lissus a Icur tour serx-aicnl dc nourrilurc a Phomme, soil dircctcmcnt, 
soil cn passant par Pintermedaire d’un animal. 

Pendant dcs ccntaincs dc millcnaircs, Ic scul motcur ctait Ic muscle, cclui dcs hommes 
surtout ct un peu cclui dcs animaux. 

L’agricullurc a conslituc un premier progres tcchnologiquc qui a permis la concentration 
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dc I’dncrgic cn amclioraiil, sinon I’assimilation cliloropliyllicnnc, du moins I’accumulation 
dc scs cllcls, nolammcnt dans Ics gramcs dcs vdldtaux; dc son cold I’clcvagc pcrmcttait unc 
concentration analogue, Ics bCtcs dlant cliargdcs dc ramcner au point ou dies dtaient 
sacrifices I’dncrgic rdpartic dans Ics paturages, sous ddduclion, bicn cnlcndu, d’un rendement 
asscz mddiocrc. L’utilisation dc I’dncrgic musculairc animalc clait tres modcstc ct surlout 
employee lorsqu’unc force importantc ctait ndccssairc, conimc pour Ic Jabourage ou la 
traction dcs vdliiculcs. Pour Ic rcstc, I’csclavagc ou scs substiluls scmbic avoir dtd unc 
solution plus facile h mettre cn ccuvrc que Ic dressage dcs animaux, 

Un autre progres considdrablc a did rdalisd par I’dncrgic vdgdtabic: j’entends par li 
I’litilisation dircctc dcs produils carbonds conlcnus dans Ics plantcs ct notamment dans Ic 
bois. Lc feu a permis it Thomme dc ddeouvrir un certain nombre dc tccliniqucs dont Ic 
role, dans I’dvolution prdhisloriquc, a dtd considerable: on cn veut pour preuve que cc sont 
prdcisement ccs technologies qui servant it repdrer Ics dpoques cn cause; Page du bronze. 
Page du fer . . , 


II. L’ENERGIE MINERALE 

Passons rapidement sur toutc la pdriodc Iiistoriquc ct venons cn au XVJJP siccic: deux 
novations considdrabics sc font jour, appuydes d’aillcurs Pune a Paulre: la machine a 
vapeur ct Pcxlraclion dc la houillc. II cst i ect dgard significatif que la premiere machine it 
feu fut utilisdc prdcisement pour unc pompc h exhaure: ccllc dc Javcric, qui dale dc 1699. 
Lentement au XVIII® sidclc, puis bcaucoup plus rapidement au XIX®, la grande rdvolution 
industricllc sc produit: die cst caractcrisdc par unc concentration dc main d’ccuvrc sans 
prdeddent, sur ct autour dcs gisements dc houillc. 

Lc chemin dc fer intervient alors ct, vers la fin du XIX® sidcle, la socidtd industricllc prend 
Ic visage que nous lui connaissons bicn. La siddrurgic prend son cssor. Enrichics par 
Pindustrialisation, Ics grandcs villcs billcnt d’un dclat encore jamais attcint. En mcrae 
temps, CCS grandcs concentrations ct cc grand ddsdquilibrc dcs revenus sont gdndrateurs dc 
luttes sociales. Lcs mouvements ouvriers politiques ct syndicaux s’appuient sur Ics notions 
dgalitaires issues dc la Rdvolution Fran 9 aisc. A peine construit, lc capitalismc cst assidgd. 

Au XX® sidcic lc pdtrolc entre cn scene. Scs progrds sont modcstes d’abord, puis atteignent 
un rythmc impressionnant. Lcs hydrocarbures (pdtrolc ct gaz naturcl) reprdsentent, dans 
la consommation mondiale: 

— cn 1913, environ 5% d’un total dc 0,9 Gtep.* 

— en 1950, 37% d’un total dc 1,7 Gtep. 

— cn 1972, environ 66% d’un total dc 5,1 Gtep, 

On notera que la consommation mondiale d’dncrgic globalc n’a augmentd, en moyenne, 
que dc 2% par an dc 1913 k 1950 alors qu’clie s’est accrue dc plus dc 5% par an entre 1950 
ct 1972. La consommation dc pdtrolc dc son cotd, a dtd Pobjet d’un accroissement dc 7,5% 
par an au cours du dernier quart dc sidcle. 

Comme la houillc, lc pdtrolc sc trouve dans dcs rdgions ou il est concentre de fafon 
privildgiec. Toutefois, ii la dilTdrence dc la houillc, ccs gisements sont distribues de fa^on 
extraordinairement indgale: e’est ainsi que lc Proche Orient constituc unc accumulation 
sans equivalent dans aucun autre domaine: sa part dans la production pdtroliere mondiale 
a tripld en un quart de siecle passant de 15 h 45%, tandis que lc marchd auquel s’appliquent 
CCS pourcentages a quintuple pendant Ic memc quart dc siecle. 

* I Gtep = 10® tep = I milliard dc tonnes dc pdtrolc ou dc son dquivaJent tbermique. 
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Concentration de la production mais, grace k de grands tankers et aux pipelines, la 
diffusion des ccs gigantesques rcssources <Snergctiques se fait avec une aisance sans cesse 
accrue et a des coQts de plus cn plus bas. II rcstc que pour les industries mettant en oeuvre 
de tres gros tonnages, les zones portuaires proches des terminaux petroliers, constituent un 
emplacement de choix. Cependant cette localisation ne depend guere de la proximite des 
lieux de chargement du pdtrole, le coflt du transport par met etant fort peu sensible aux 
distances. D’autre part, des qu'il s’agit d’industries plus Icgeres, la commodite d’emploi des 
combustibles liquidcs et la facilitd de Icur transport donnent la plus grande liberte pour 
leur localisation. A I’invcrse de ce qui s’dtait passd pour la houille, cette nouvelle vague 
d’industrialisation peut s’cffectuer cn surface sur I’cnsemble d’un territoire comme celui de 
TEurope Occidcntale ou des Etats Unis. L’automobile et la route ajoutent leurs commoditds 
pour rdaliser cette dgalisalion des conditions industricllcs. Corrdlativement, on voit s’effec- 
luer dgalcmcnt une sortc d’urbanisation cn surface, et Timportance que les villes moyennes 
ont prises sur rdchiquier politique cst bicn caractcristiquc a cet dgard. 

C’cst la grande dpoque ob le Japon et I’Europc construisent non pas sculement une 
nouvelle dconomic, mais la forme de civilisation qui cn est le corollaire, sur le pdtrole des 
autres. 

Prdeddds de nombreux signes annonciatcurs, Ics evdnements de 1970 ont mis les Nations 
industrialisdes devant le fait de la puissance qu’avait construit patiemment le cartel des pays 
exportateurs de pdtrole. Cela n’a du rcstc pas sufli et il a fallu 3 ans encore pour que les 
sdquclles de la guerre Arabo-Isradlicnnc de 1973 fassent brusquement vaciller I’Occident. 
Encore faut-il obsei^'cr a cet dgard (et jc ne m’etendrai pas davantage sur ce point) que 
personne n’a etd privd de pdtrole au cours des mois qui ont suivi. L’embargo a ete entiere- 
ment compensd par le jcu des dehanges entre les mains des opdrateurs et la production 
d’enscmble n’a subi aucunc rdduction, les restrictions des uns ayant etc largement com- 
pensdes par les augmentations des autres. 

II restc que le coQt du pdtrole brut pour les pays importateurs est devenu brusquement un 
element majeur de leurs dehanges internationaux. Non sculement il en est resulte un deficit 
de la balance des comptes pour les pays placds dans une situation relativement fragile comme 
ritalie ou, a moindre degrd, la France. 

C’est aussi I’ensemblc du systeme des dehanges mondtaires et dconomiques internationaux 
qui a ete mis a une dpreuve dont il n’est pas sorti a son avantage. II est aujourd’hui im- 
possible de mesurer qu’elles seront les consequences k long terme de ce phdnomene brutal. 
Il est sculement a prevoir que, comme toujours en cas de crise, ce seront les plus forts qui 
se tireront de cette mauvaise passe dans les conditions les meilleures. 

On peut noter ici I’etrange demobilisation qui semble caracteriser I’Europe a I’egard du 
problemc de son approvisionnement pdtrolier. Aucune mesure d’ensemble destinee a 
reduire sensiblement son approvisionnement n’a rdellement fait I’objet de decisions dans les 
principaux pays et moins encore a I’dchelon communautaire. Il semble cependant que dans 
une periode inflationniste comme celle que nous connaissons, la regulation par les prix est 
tout a fait insuffisante. Les tenants des mdcanismes dits liberaux semblent n’avoir encore 
pas compris que ceux-ci sont incapables de resoudre un certain nombre de problemes tels 
que celui devant lequel nous nous trouvons places, du moins si Ton exclut certaines con- 
sequences, politiquement insupportables de I’aveu g6n6ral. Il parait peu probable que 
I’Europe sans doute, la France en tout cas, puisse 6viter d’avoir recours a des mesures 
faisant un peu plus appel a I’imagination et au civisme que de simples hausses des prix. 
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III. L’ENERGIE ATOMIQUE ET L’ AVENIR 

A I’inverse de la houillc et du petrolc, Ja nature de I’atome n’est pas concentrationnaire 
quant A ses ressources: I’uranium est un metal assez repandu du moins a tres faible teneur 
et I’importance de son prix dans celui du produit final, savoir J’energie utiJisable, est 
faible. 

Cependant I’energie nucleaire met en cruvre une enorme concentration dans un autre 
domaine: la technologie. 

On pourrait ici faire une parenthcse et tenter de dresser, en parallele avec le tableau 
economico-sociologique que nous avons tente d’esquisser, un schema de revolution des 
questions energetiques dans leurs rapports avec les problemes d’armemcnt et plus generale- 
ment avec la polemologie. Mais il ne saurait elre question ne fut-ce que d’aborder cet 
immense sujet. 

Dans le domaine nucleaire, la puissance americaine, heritiere de la technologie de la 
“bombe” est aujourd’hui manifestement sans rivale. Malgre I’accession de Ja Russie, puis 
de la Chine, au rang de puissance nucleaire, les apph'cations civiles tirees par Tune et I’autre 
sont resides jusqu’ici modestes. Est-il besoin de rappeler que les efforts frangais et anglais 
en matiere d’uranium naturel, que la remarquable percee technique de la Suede sur les 
reacteurs a eau ordinaire bouillante, n’ont pas trouve leur issue? Au mieux, ces efforts 
auront pour retombee une certaine famih'arite des industries en cause avec le caractere 
particulier des techniques nucleaires. 

Cependant, il n’est pas douteux que Vatome apporte la clef de I’avenir dans le domaine 
de I’energie. Il est hautement probable qu’a la fin du sitele— et non sans peine, certes, mais 
par des efforts et aux prix d’investissements qui ne paraissent pas hors de portee — la quasi- 
totalite de I’energie electrique produite en Europe sera d’origine nucleaire; pour I’essentiel 
a base de technologie a eau ordinaire d’origine americaine. D’autre part la consommation 
d’energie electrique continuera certainement, pour toutes sortes de raisons, a augmenter 
plus rapidement que la consommation globale d’energie, si bien que la part d’energie 
primaire transitant par la voie electrique passera d’environ un quart aujourd’hui a la 
moitie a la fin du siecle. 

Les problemes relatifs aux nuisances reelles (“pollution” thermique, atteintes au paysage) 
ou potentielles (dechets, accidents) que pose la technologie nucleo-electrique ne sont, a 
mon avis, ni dirimants ni a I’oppose faciles a resoudre. Il faudra consacrer a leur solution 
beaucoup d’efforts et d’argent, eduquer I’opim'on pubh’que, prendre en compte les risques 
de toute esp^s, y compris par exemple ceux de la guerilla. Mais tout cela n’est certainement 
pas hors de portee. 

Par ailleurs, I’energie nucleaire verra tres probablement son extension atteindre des 
domaines industriel ou tertiaires nouveaux: les “hautes temperatures”, I’utilisation des 
chaleurs “de rejet”, I’utih'sation de I’hydrogene comme moyen de transport, offrent des 
possibilites dont on ne pent encore evaluer la portee. 

Dans le meme temps, la surregeneration, dont la faisabifite technologique est demontree 
et dont la rentabilite industrielle est a la veille de I’etre, aura sans nul doute prouve ses 
merites. Si bien qu’au cours de la premiere moitie du XXI' si^Ie, on pent prevoir que les 
problemes energetiques s’estomperont progressivement. A I’effet apporte par I’energie 
nucleaire, s’ajouteront les reactions positives que la crise presente vient d’amorcer dans les 
autres secteurs, en particulier I’energie solaire, I’energie geothermique, voire I’energie 
eolienne et quelques autres. E sortirait tres largement de mon propos d’entrer dans une 
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analyse de ces effets, cc d’autant plus qu’ils ont dte abordes par d’autres auteurs au cours 
su present colloque. Je me bomerai ^ leur sujet i une remarque assez generale: 

Dans tous ces domaincs, le probleme fondamcntal est un probleme de concentration: 
nous nous trouvons, en fait, devant des ressources energetiques d’une extreme abundance, 
mais qui sont dispersees sur de trcs vastes surfaces, ct par consequent dont la captation 
exige de tres importants investissements par K\v installd. On aper9oit une fois de plus cette 
evidence que cc qui est couteux, c’cst de concentrer quelque chose qui est dilue et qu’a 
rinverse, I’utilisation d’une ressourcc, quelle qu’clie soit, a pour effet d’en organiser en 
quelque sorte la dilution. C’est un doraainc dans lequel I’cncrgie parait en elfet particuliere- 
ment exemplaire. On pourrait dire que I’cnergic est presente partout, mais que le grand 
probleme devant lequel nous nous trouvons places est celui de sa concentration. Nous 
dcvons done, par tous les moyens, eviter des dilutions inutiles, ce qui suppose, par exemple, 
une bonne isolation thermique des habitations et des locaux. D’autre part, il faut faire 
appel aux ressources les plus concentrees possible : c’est evidemment I’atome qui repond h 
cette definition. 


CONCLUSION 

L’energie presente un certain nombre de caracteres tout a fait specifiques, le principal 
ctant, me semble-t-il, que son importance est hors de proportion avec le faible pourcentage 
en valeur qu’ellc represente dans I’ensemble des consommations de biens et services. Les 
energies primaires representaient dans le revenue national brut des pays industrialises, 
avant la crise petroliere, de 3 a 4% et si le chiffre a nettement augmente, son ordre de 
grandeur n’est pas aujourd’hui different. 

Mais I’energie se trouve en amont de presque toute activite. II en r^sulte que la per- 
spective de manquer d’energie est particulierement dramatique pour les societes indus- 
trialisees. Ce manque peut se produire de deux fafons: 

— Soit par epuisement des ressources naturelles et c’est a ce genre de souci qu’a repondu 
le rapport du Massachusetts Institute of Technology pour le club de Rome; nous 
pensons que cette crainte est completement denuee de fondement. 

— Soit par une privation volontaire de la part des pays detenteurs des principales res- 
sources; ces pays pourraient eventuellement les couper brusquement, mettant les 
nations industrialisees dans une situation temporairement tres difficile. C’est un 
risque, nous I’avons vu, qui ne s’est pas conerdtise bien qu’il ait ete I’objet d’une 
menace precise. La tendance generate des pays industrialises au cours des demieres 
annees, tendance qui semble aujourd’hui de nouveau reprendre une certaine force, 
parait etre que ce genre d’evenement est trop grave pour pouvoir etre envisage. 
Naturellement une telle rdponse n’est pas tres satisfaisante, sur le plan de la responsa- 
bilite politique. 

II n’est pas douteux que I’energie a constitue pour I’humanite a la fois une condition 
necessaire de la croissance economique et un moteur dans la mesure oh I’abaissement 
progressif de son cofit au cours des siecles a encourage une utilisation de plus en plus 
abondante d’esclaves mecaniques. Mais il est peut etre interessant aussi de constater 
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que I’energie a dtc dans beaucoup de domaincs un rdvdlatcur des grands probleraes de 
rhumanite: 

— Evolution sociale et politique au XIX' ct au debut du XX' siecles, 

— Opposition entre nations ddveloppdes ct nations ddtentriccs des matieres premieres 
utilisdes par celles-ci. 

— Contradiction dans les rdactions occidentales en cc qui concerne la fa?on de traiter 
les dits pays. 

— Problemes de I’dcologie dont je n’ai presque pas parld, mais qui, bien sQr, ont dtd 
particulierement mis en evidence dans le domaine de la pollution atmospherique, . 
engendree par la production ct I’utilisation de I’dnergie. 

— Et enfin, peut-etre les problemes de Tcnergie ont-ils joud un role important sinon dans 
la naissance de la futurologie, du moins dans la place qu’elle a pu prendre dans nos 
reflexions, 

Mais en ce qui concerne le grand avenir, k deux ou trois generations d’ici, il semble bien 
que nous sommes maintenant en mesure de regler les problemes que nous posent I’ali- 
mentation en energie de nos economies. Certes il sera tout k fait raisonnable de tenter 
d’apporter quelque moderation il la croissance de nos besoins d’une part et quelque imagina- 
tion pour utiliser du mieux possible les ressources renouvelables, et tout particulierement 
I’energie solaire. 

Il reste que rdlectricite prendra une part croissante dans I’energie utilisee par I’industrie 
et les menages, et que, grace a la surregeneration, le probleme de la production d’electricite 
peut 6tre considere comme resolu. L’atome aussi pourra sans aucun doute se tailler de 
nouvelles applications notamment dans I’industrie grace aux hautes temperatures. Enfin 
tout permet de prevoir que I’amelioration de la technologic reglera de fagon satisfaisante le 
probleme des rejets thermiques en diminuant I’ampleur, ainsi que les questions relatives 
a Tutilisation des sous-produits de la fission. De sorte que Ton peut prevoir, a Techeance 
consideree, que les problemes de I’energie auront singulierement perdu de leur importance, 
sinon de leur interet. 

Cela s’explique aisement: nous sommes, en efiet, dans le domaine energetique ou du 
moins nous etions jusqu’a I’apparition de Tatome devant des problemes fondamentalement 
quantitatifs. Il s’agissait d’avoir de la matiere, de la puissance, pour remplacer les esclaves 
et assurer les approvisionnements de notre developpement socio-industriel. Desormais, 
nous sommes devant des problemes non plus quantitatifs, mais technologiques et tout 
permet de penser que nous sommes en mesure de les resoudre. Lorsque nous aurons notre 
content d’aides mecaniques, et a condition de ne pas abuser, bien d’autres domaines 
apparemment plus vastes et probablement plus interessants appelleront I’attention des 
generations futures: on pense aux developpements dont on prevoit a peine les prodigieuses 
possibilites de I’informatique; on pense a la biologie qui presente ce caractere etonnant de 
changer de dimension presque a chaque decennie. Et peut-etre (pourquoi pas?) peut-on 
penser a la remise en ordre de la gestion de nos affaires a I’echelon de la planete. N’est-ce 
pas ce dont nous semblons avoir le plus besoin? Et ne peut-on esperer que la politique 
deviendra non pas certes une science exacte, mais un sujet de reflexion rationnelle en vue 
d’applications paisibles ? 
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JASKE: I would like to continue along the lines that Mr. Otte started. I think that Prof. Nordhaus and 
his fellow economists have created a whole fictitious world that is more of an academic exercise than anything 
that is realistic. I think the basic reasons— in my own investigations— spring from the fact that economists 
apparently have completely failed to make an honest cITort to evaluate the past performance of their owm 
economic projections. They have failed completely to evaluate the transition from capital financing to debt 
financing and its effect on the ability to organize the enterprise of the country. In my view, economic theory 
has produced absolutely nothing of value in the last 20 years to help in the question of internalizing costs 
which arc not at all taken care of in some of these exercises that we’ve had described to us. I cite, for example, 
the Columbia River power system which to this day is still based in part on 2% interest, 75-year rolling 
depreciation, all kinds of economic gimmickcry which in no way reflects the true value of electricity. It’s 
simply an institutionalized price. From this basis, then, all manner of optimizations spring forth which 
justify income redistribution schemes and political activity, none of which appear to me to really reflect on 
the basic problem that I feel is as important. If economists would look backward a little bit better, an 
attempt to criticize themselves a little more thoroughly in terms of attempting — even as the political scientists 
are trying to do — to model the game plans of the past, I think we would be a lot further ahead. I’m really 
very tired of regression projections and the whole battery of fictitious techniques which economists employ. 
One of my good associates, Dr. Landsberg, with the Resources of the Future, made perhaps the best energy 
forecast of any that has been made in the United States. Yet I find that his own analysis of the reasons 
for error, which he believes, are amazingly short-sighted in terms of his explanation as to why he was 400% 
off on the growth of electricity in commercial buildings. It’s this kind of gross lack of appreciation of the 
technical factors and the lack of apparent knowledge of the feedback relations that ensue from economic 
theories and income redistribution theories that are causing a great deal of our difficulty. I cite again another 
terrible example in my view. The fact that in the United States we have had a total regression in efficiency 
of electrical energy production to the point where these last two years we have had our average plants down 
below what they were traditionally, and as long as we depend on light water nuclear reactors, I see no way 
in the foreseeable future that we can ever get back to any kind of talk about efficient use of energy under 
the present circumstances. Technically, cheap energy has crippled and subverted the development of en- 
gineering of efficient structures and efficient uses. In 1952 we had triple reheat boilers; we had super critical 
steam plants; we were talking about 1200'’F super heat. Today, a standard fossil plant is lOSO^F, single re- 
heat, “blow it out the stack’’ plant about 5% less efficient than we had in 1950. In my view banking and 
commercial interests have so monopolized the thinking in this whole area that they really haven’t left any 
room for honest, efficient use of anything to prevail. 

RANDERS : Thank you, Mr. Jaske, I don’t know if Mr. Nordhaus wants to reply, or should we perhaps 
take another couple of remarks, and come back to this harsh judgment of the economists? 

LEWIS: I hope the two economists or industrial practitioners who have just spoken will be able to stay 
for my paper because I can promise them something different. 

RANDERS: This was a preview of coming events. 

BLACKSHEAR: Walter Heller, at the time of the beginning of the oil shortage, suggested that we bank 
some of the increased cost for immediate use in promoting research on alternative sources of energy, part of 
the increased tax be used to reduce the regressive effects of the tax, and then part of it simply be used to 
clean up the environmental impact of the uses of energy. When you started out on your concluding remarks 
you suggested that we should breeze through the cheap energy very fast, and use the money we save to bank 
against developing alternative sources. But your final remarks seem to contradict that in that you felt that 
we really had too much energy and that the environment couldn’t stand it. I was left somewhat confused. 
I sort of liked Heller’s scheme initially, and I wonder if you could comment on how your idea of rushing 
through cheap energy in a hurry compares with a taxation scheme for immediate research on alternative 
sources? 

NORDHAUS: I’ll respond to the last speaker and the last speech. Coming first to your question, in 
Heller’s remarks — ^and this was about 8 months ago — it was the consideration of having a tax scheme 
during the embargo, to help close the gap between the supply and demand. This would raise a certain amoimt 
of revenue and the question was. What would happen to the revenue? His scheme was a way of essentially 
spending the money so that you wouldn’t have too much depression of the demand overall. I personally 
didn’t think it was a great scheme, but a very different scheme, and for my point of view a rather bad one. 
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from the long run R & D support for energy in general. The reason it’s probably a bad scheme Is because 
when the embargo fell apart the tax would have fallen apart and R & D support probably would also have 
fallen apart. I think for that reason it was not a terribly good idea. 

Let me just clarify on the apparent confusion that I have sown here. I was trying to speak slightly para- 
doxically when I said that perhaps the problem is too much rather than too little. I’m trying to put this in 
the context of the kinds of questions that this conference is designed to investigate, whether overall avail- 
ability of energy resources place limitations on world economic growth, that insufficient energy is no/ the 
chief problem. If anything is going to be the problem, it’s that too much energy will be used. As for the 
gentleman in the front. I’m not sure what that speech was written for. I’m not sure whether it was written 
for this session or another one; the blanket denunciation of economists, politicians, the army, financiers, 
bankers, and everyone except honest engineers. I think that any profession can make that same complaint. 
But I must admit that I really didn’t get the point as to what that had to do with the energy problem. 

HANDERS: As for too much or too little energy, what I understand you to mean is that we arc using 
too much energy and not that wo have got too much energy? 

NORDHAUS : Yes, that’s right. 

BLACKSHEAR: I didn’t quite get the point clarified. It would seem to me that an abundance of in- 
expensive energy would have an cfTcct of encouraging energy use so that something else ought to be done. 
If it is affecting the environment, that means that there is something we have not internalized. Is this an 
omission in your model? Didn’t you include the environmental impact which you felt that the rapid use of 
energy caused? 

NORDHAUS: There arc some problems, obviously, which economic models of this kind can handle, 
and for others it is very difficult to include them in economic models of this kind. I mentioned three of 
them. It is difficult to include the problem of nuclear waste disposal other than by saying what would it be 
worth to have or not to have the nuclear options, what is it going to cost to throw it out altogether? The 
other two problems actually arc problems that you could handle. For example, a particular problem which 
has concerned these meetings is the problem of the thermal waste in the aggregate not localised. To modify 
models you could impose a constraint on this world economic system that you shouldn’t consume more 
than some fraction of solar energy (say one-tenth of 1%, or 0.5 of 1%). This reshapes the pattern of utiliza- 
tion; you will speed it up in the early stages before you hit the ceiling, and then obviously it would be dead 
stop in the rate of growth once you hit the ceiling. The general effect of this kind of constraint would be 
that energy resources arc less valuable because at some point in the not too distant future you will be unable 
to use them as rapidly as you’d like to. So that, in general, imposing constraints — either the COj kind or 
the kind of the general heat balance — would tilt the efficient allocation toward more early use and less late 
use because of the fact that you’re hitting the ceiling sometime later in your time pattern. 
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For the world the basic purpose of harnessing nuclear energy was and should still be to 
overcome the deprivation and near starvation that now afflicts a major part of its popula- 
tion. Moreover, the population is still increasing, but most agree the rate of growth must 
be reduced to keep the total below some limit, probably below 20 000 million. However, 
even some learned scientists who should know better not only shun but even oppose the 
harnessing of nuclear energy to meet the world’s needs. Very many suggest that ultimately 
man will harness solar energy for his needs. One book of 1952 carrying this idea is by Sir 
Sir Charles Galton Darwin called The Next Million YearsS^'> After discussing the various 
sources of harnessed energy, he concludes on page 75: “Of all the possible ways of collecting 
energy, the direct use of sunlight is the most promising.” He does not, however, make the 
mistake of supposing this would give a high standard of living; p. 189: “It is quite safe to 
say that there will always be rich and poor . . . (for the poor) the standard of living of any 
community living on its real earnings, as the communities of the future will have to do, is 
inevitably lower than that of one rapidly spending the savings of hundreds of millions of 
years as we are doing now.” Sadly the author is not alive today to hear me point out that 
already we need no scientific breakthrough to head towards a standard of living that is far 
higher for the average and even relatively more for the poor than has ever been known. The 
umbrella relation E — mc^ is most generous with energy. 

Let me state as a goal a per capita supply of harnessed energy averaged for the whole 
population at five times that now consumed per capita in North America which is ten times 
the world average and for a world population four times the present number. 

I will show that the harnessed energy supply can double every 10 years. To achieve the 
total increase of 200 times would at that rate take less than 77 years, that is only to the end 
of the year 2050. Let us hope, however, that the world population will not be quite so high 
so soon. It would then not be necessary to maintain quite so short a doubling time towards 
the end. For a slightly longer doubling time a higher standard of living can be sustained. 

I sincerely believe that what I have said is quite true. I realize, however, this must come 
as a severe shock to many of you who believed otherwise, so in the few minutes left to me 
I must help you to understand. I have said no new technical breakthrough is needed: that 
includes no commercial fast breeders, no thermonuclear fusion; but they would be welcome 
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if they meet the economic competition. Sudden disruptions of men’s activities must be 
avoided because they are costly. Changes of thinking, motivation, and changes of aim, 
however, are to be accepted and may be necessary. For individuals there may be disruptions; 
some unemployed will find work; some workers will find different work. There will be new 
work in processing radioactive materials, but no changes seem necessary in radiation 
protective standards. Nuclear war must continue to be avoided as it has been, but greater 
political security would be welcomed. 

I base my belief on the established performance of the Pickering Nuclear Generating 
Station of Ontario Hydro. This station has four CANDU reactors with heavy water 
moderator and caloporteur and natural uranium oxide fuel. Zirconium alloys are used for 
the fuel cladding and the fuel channel tubes. Each reactor has a gross generating capacity 
of 540 MWe and the net station output is 2056 MWe, that is a little over 2 million kW. In 
1973 it was the highest power commercial nuclear generating station in the known world, 
but others are comparable. Its availability has been outstanding, and in 1973 it delivered 
14 X 10® kWh, which was 40% more than its nearest rivals and despite the fact that the 
fourth unit was only put into service towards the end of May.^^’ Fuel is changed with the 
reactor on power. The fourth unit reached full power only 12 days after startup. The cost of 
energy generated is fully competitive in the Ontario Hydro system and less than some 
water power; it was evaluated as 6.2 m (1972) $/kWh at the end of 1972.^^’ I will discuss 
this in more detail later. 

The key to this success and promise is the fuel bundle (Fig. 1). One single bundle such as 
this containing about 20 kg of natural uranium yields as much power as 560 tons of the best 
coal. Moreover, at the end of the irradiation it looks the same but, of course, is highly 
radioactive; but all the radioactive fission products, including krypton, iodine, and tritium, 
are firmly held within the sheath in each of the 28 rods in the bundle. The whole bundle can 
be safely stored under water for at least several decades. A rupture of the sheath is now very 
rare, only one rod had a leak in more than 5000 spent fuel bundles.^'’^^ No release to the 
environment need result. 

Note that the energy obtained corresponds to 28 000 times that obtainable by burning 
the same weight of coal. Moreover, the total fuelling cost for a given amount of energy is 
less than one-fifth of that for coal at a similar coal-fired station in the same area.^^’ It is 
also less than half of the fuelling cost of any other type of commercial nuclear power re- 
actor.^®’ This has great importance for the suggested large scale use. 

Table 1 is prepared from a 556 page book^®^ entitled Energy in the Future by Palmer C. 
Putnam, published in 1953. The book resulted from a worldwide study with contributions 
from many countries sponsored by the USAEC in 1949-53. From the point of view of a 
hypothetical trustee of world energy, Mr, Putnam asks how much he can prudently count 
upon for the 100 years from 1950 to 2050, from various sources of energy subject to a limit 
on cost of twice that from coal in 1950. He postulates as plausible a population of 8000 
million in 2050, which now seems low, and estimates the cumulative demand for energy as 
72 to 487 Q. (My suggestion above of 50 kW per capita for 15 000 million population by 
2050 reached by doubling the harnessed energy every 10 years corresponds to a cumulative 
total of 333 Q from now to the end of 2050.) Mr. Putnam saw the popularity of the fluid 
hydrocarbon fuels rising until the cost in about 1975 became so high that synthetic fluid 
hydrocarbons would begin to compete, a remarkably accurate projection. He, however, 
charges up to coal the necessary energy loss in the synthesis, whereas now we can see this 
coming more cheaply from nuclear energy. 
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Note liis conclusion that the fossil fuel sources could provide 27 Q but the income or 
renewable sources could only be counted on for 5-10 Q. Moreover, this was a well-informed 
opinion. Mr. Putnam himself was an engineer consulting in solar energy; he had been 
responsible for the highest power, windmill or air turbine rated at 1.25 MW that operated 
on Grandpa’s Knob in Vermont until it broke in I945.‘®^ He assigns a build-up of wind 
power units to a total of 200 MkW by 2050, but the integrated contribution would be only 
0.1 Q. Recently Prof. W. E. Heronemus has suggested a larger contribution,^®^ but I suspect 
that even a million 200 kW units would rather spoil the landscape or seascape for aesthetic 
environmentalists, and whether the world builds them or not would not make much differ- 
ence to finding the needed 72-333 Q. 

Mr. Putnam thought it prudent to look for at least 31 Q from nuclear fission if that could 


Table 1. Harnessed world energy 

100 year cumulative inputs to 2050 at real costs not above twice 1950 costs 


Income sources 

Q 

Fossil sources 

(adjusted for synthesis losses) 

Q 

Solar heat collectors 

5 

Coal 

21 

(space heating, water heating, 

Natural oil and gas 

5 

midday cooking, etc.) 


Oil shale 

1.0 

Fuel wood 

1.4 

Tar sands 

0.2 

Farm wastes 

1.0 



Water power 

0.6 



Wind power (to 200 MkW) 

0.1 



Solar power collectors 

0.05 



Geothermal, tides, etc. 

0.076 




Total 8.226 Q 27.2 Q 

Take 5 to 10 Q 


Nuclear energy (min. plausible) 35 Q (437 500 Tc. fiss. Th + U +Pu) 

Grand total 67-72 Q 

Plausible demand 72-487 Q 


meet the cost target. Canada’s recent experience shows that the cost can be less even than 
the cost from coal in 1950 in terms of constant dollar values.^^°’ 

I have said we can manage to double the energy supply every 10 years. As evidence for 
this. Fig. 2 shows how Ontario Hydro managed to meet a demand increasing at rather more 
than that rate since 1948 at a unit energy cost to its customers that did not increase in 
constant dollar values. Figure 2 also shows that the cost of energy from Pickering fits quite 
well into the system. Ontario Hydro does not lose money and it has operated as an isolated 
public cooperative. The basic economics of the method is available to all in industrially 
developed states^^^’ to achieve that 200-fold expansion in 77 years with CANDU. 

Moreover, the push and pull of economics will bring about some changes from the 
Pickering type of CANDU reactor. Perhaps the most important change will be to use 
thorium oxide fuel with recycled uranium-233. The push towards this change will come 
from the increasing cost of natural uranium, the pull will come from the prospect of much 
less frequent fuel changing and a reactor so compact that the same size unit, or one even 
somewhat smaller, could generate 1500 MWe instead of 540 MWe. Moreover, by using 
the organic liquid caloporteur HB-40 already successfully employed in the 50 MWt experi- 
mental reactor WR-1 in Manitoba, the thermal efficiency can be increased to 38 or 39%.^^^^ 
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Experience with the HB-40 caloporteur has shown other highly significant advantages, 
especially the insignificant radiation levels from the primary circulating pumps and piping. 
It has been possible to work without radiation shielding close to the pumps with the reactor 
at full power, and when a bearing was changed no radioactive decontamination or shielding 
was necessary. The ease of maintenance operations will acquire great significance when 
nuclear energy is generated throughout the world on the much larger scale in prospect. 

I must now return to the fears expressed that there may be accidents and sabotage on a 
significant scale encouraged by the awesome potential of nuclear explosions and even of 



nuclear radiations from the fissile materials such as plutonium and the fission products. 
I am not suggesting that the cost of teaching future generations to behave rationally is 
going to be small, but the benefit of abundant harnessed energy to raise the standard of 
living of the deprived and starved tens of millions is surely much greater. 

Concerning the biological efiects of radiation and the stimulated fear of plutonium, I 
have several times written straightforwardly.”^’ Generally there has been no response, but 
what response there has been was abusive. Today I will tackle this indirectly by quoting the 
following vision from world literature: “Violence is invariably intenvoven with THE LIE. 
And as soon as the lie is dispelled, the repulsive nakedness of violence is exposed, and 
violence will collapse in impotence. ‘One word of truth outweighs the whole world . ^ 
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To which I will add Science has become entangled, first with the BOMB and now with the 
LIE. Let us listen intently for that word of truth and join in the task of exposing the lie, to 
halt the twentieth century before it outshames its record of Belsen and Auschwitz, by 
neglecting the deprived and starved tens of millions, through withholding confidence from 
those capable of bringing abundant harnessed nuclear fission energy to their help at low 
cost and low risk. 


EXCERPTS FROM MY LECTURE IN VIENNA IN DECEMBER 1971 
AS PUBLISHED IN IAEA BULLETIN Vol. 14, No. 4, SEPT. 1972 


Page 3 

Science has not yet established whether the background level of radiation in the world is good or bad for 
human life; it could even be essential. Most probably it is beneficial to the majority but detrimental to some. 
In case you think otherwise, let me remind you of something somewhat analogous that is quite standard in 
pathology, namely, the effect of sunlight on the skin. Men, especially white men, who habitually work with 
their skin exposed to sunlight, become liable to develop skin cancer. Yet sunbathing is popular and indeed 
a limited exposure is beneficial in producing vitamin D required for calcium and phosphorus absorption in 
bone metabolism, although in rare cases a cancer may develop. 

Page 10 

Too many people are not aware of the current science of radiation effects in living organisms. I will quote 
from the opening paragraphs of the foreword to the Proceedings of an IAEA panel in Vienna in 1966 on 
“Genetical Aspects of Radiosensitivity; Mechanisms of Repair”: “Recent biological and biochemical 
observations in radiation research have brought about marked advances on the simple, non-biological 
interpretation held less than a generation ago. Then, the effects of radiation exposure on living systems were 
viewed as being direct, immediate, irreparable and unmodifiable. Now, it is generally accepted that radiation 
injury can also be indirect, delayed, reparable and often modified with appropriate radioprotective measures. 
One of the most exciting developments to emerge recently from the multidisciplinary approach to radio- 
biology is the concept of repair, whereby the observable damage is the net balance of the initial lesions minus 
the repaired ones.” 

Let me remind you of one more basic idea in biology. Living cells grow and multiply by feeding on their 
surroundings. The food does not have to be specific but in the metabolic processes a wide range of com- 
pounds are first broken down to simple chemical molecules or radicals and then built up to fit the need. 
Thermal and chemical disruption called pyrolysis and hydrolysis take part and background radiation pro- 
vides photolysis and radiolysis as well. There exists an optimum range of temperatures, of hydration and 
probably also of radiation for these processes, and for their opposites, for example “photosynthesis”. 
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Current and prospective energy costs 







4 X 1500 MWe 

Type of station 



Pickering 

CANDU-OC-Th 

(Note H = 8766 h/yr; M 

= 10®) 


Official 

Optimistic 

Optimistic 

Station capacity 

S 

MWe (net) 

2056 

2056 

6000 

Capital cost 

C 

MS 

746 

657.92 

1200 

Specific cap. cost 

1000 C/S 

S/kWe 

362.84 

320 

200 

Capacity factor 

u 

% 

80 

90 

90 

Fixed charge rate 

A 

%/yr 

8.88 

7.8 

7.8 

Net station effy. 

e 

% 

29.1 

29.1 

39 

Fuel unit cost (net) 

P 

$/kgU (or H.E.) 

50.7 

45 

187 

Burn-up (thermal) 

B 

MWd/kgU „ 

8.291 

8.291 

33.3 

Annual costs 






Fixed charges 

CA 

M$/yr 

66.25 

51.32 

93.6 

Operating and maint. 

N 

» 

7.83 

7.83 

16.58 

Heavy water upkeep 

D 


2.84 

1.70 

0.95 

Fuelling 

HuSP/24MBe 


12.64 

12.61 

28.40 

Total 


M$/yr 

89.55 

73.46 

139.53 



M(1949) $/yr 

44.11 

36.19 

68.73 

Unit energy cost 






Capital 

MCA/HuS 

mS/kWh 

4.60 

3.16 

1.98 

Operating and maint. 

MN/HuS 

» 

0.54 

0.48 

0.35 

Heavy water upkeep 

MD/HuS 


0.20 

0.11 

0.02 

Fuel 

P/24Be 

*» 

0.88 

0.78 

0.60 

Total 


m$/kWh 

6.22 

4.53 

2.95 



m(1949) $/kWh 

3.06 

2.23 

1.45 




AMELIORER LA VIE EN ECONOMISANT L’ENERGIE 
(BETTER LIFE THROUGH LESS ENERGY) 


R. Dubos 

The Rockefeller University, New York, NY 10021, USA 


ENERGIE ET CIVILISATION 

Un des themes proposes a notre Conference est d’etudier “les economies d’ener 
possibles qui n’aflfecteraient pas la qualite de la vie”. Je voudrais aUer plus loin dans ce 
direction et indiquer que certaines economies d’energie pourraient avoir pour resul 
dlameliorer la qualite de la vie et d’enrichir la civilisation. 

Dans toutes les discussions sur la crise de I’energie on semble accepter comme une vei 
evidente que I’augmentation de la consommation d’energie per capita a facilite le develop] 
ment de la civilisation et a rendu la vie plus agreable. Sans vouloir-6tre iconoclaste ni mSi 
sceptique quant aux bienfaits de I’energie, il me semble qu’il serait utile d’examiner ce 
opinion, car elle est au centre de nos debats. Dans le titre de la Conference “Les ressoun 
energetiques a long terme et la croissance” le mot croissance ne doit certainement pas e 
pris dans un sens purement economique et technologique. Tons les bons esprits rejeth 
maintenant cette etroite interpretation du mot. II s’agit done de mieux definir le role c 
ressources energetiques dans nos societes. Pour illustrer que le mot croissance doit coi 
porter des valeurs humaines qui transcendent I’economie et la technologie, je poserai so 
une forme elementaire deux simples questions qui rev^ent combien nous sommes ignorai 
des rapports qui existent entre la consommation d’energie et la qualite de la vie. 

La consommation moyenne d’energie per capita aux Etats Unis est a I’heure actuelle 
peu pres le double de ce qu’eUe est en Europe. De quelle fagon cela contribue-t-U a rend 
la civilisation americaine superieure a I’europeenne? ou a lui permettre de se developj: 
plus rapidement dans une direction desirable? Faut-il en conclure de cette plus gran 
consommation que les Americains sont en moyenne plus heureux que les Europeens? 

Aux Etats-Unis, la consommation d’energie per capita est aujourd’hui le double de 
qu’elle etait il y a trente ans. Dans quelle mesure la civilisation americaine a-t-elle ( 
rendue meilleure par cette augmentation? L’Americain est-il maintenant plus heureux, ( 
simplement moins malheureux, qu’il ne I’etait il y a trente ans ? 

Ces questions ne meriteraient pas d’etre posees puisqu’elles n’offrent pas de possibilil 
de reponses, si ce n’etait qu’on accepte tacitement a leur egard des attitudes qui sont vides i 
sens ou qui menent a des confusions. En 1971, un illustre professeur du .UT prem 
la defense des surregenerateurs en aflSrmant d une fa^on peremptoire • i 
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abondante d’electricitd . est esscntiellc a la civilisation.” II me sembic utile de donner ici la 
phrase anglaise elle-racme: “An abundant supply of electricity ... is essential to civilised 
soeiety.” Ce professeur savait naturellement que bcaucoup de soeidtes ont atteint un haut 
degre de civilisation et de bonheur bien avant I’utilisation de I’clectricite, mais il faisait 
allusion au fait que I’clectrieite est essenticlle a nos formes presentes de civilisation indus- 
trielle. Le professeur voulait done vraiment dire que I’dlcctricite est essenticlle— non pas a 
la civilisation — mais aux societes qui mesurent Icur succcs par les productions et formes 
d’activite que facilite Telectricite. Cet argument circulaire scmble anodin mais est dangereux 
parce qu’il empeclie de se poser de vraies questions quant aux cifets de la consommation 
d’energie sur la qualite de la vie, 

L’avenir serait sombre s’il dtait vrai que la qualite de la vie dans les sociStes industrielles 
depend etroitement de I’abondance de I’dlectricltd. Car I’experience montre que plus nous 
en utilisons, plus nos besoins energetiques augmentent et plus graves deviennent les prob* 
lemes technologiques et sociaux que posent non seulemcnt la production, mais encore plus 
I’utilisation de I’energie. Heureusement, on a commence a reconnaitre, et dans certains cas a 
demontrer scientifiquement, qu’une diminution dans I'usage de I’energie pourrait avoir des 
consequences favorables pour les humains, pour leurs societes, pour la Terre — en d’autres 
termes pour la qualite de la vie. Je me limiterai a quelques exemples touchant a la sante 
physique et psychique, a I’architecture et la planification, a la production agricole et la 
qualite du paysage. 


ENERGIE ET SANTE 

Dans tous les pays oil I’energie est abondante et oil la richesse ^conomique est generah'see, 
un tres grand pourcentage de la population en profite naturellement pour eviter les efforts 
physiques et pour avoir une alimentation plus abondante et plus riche. Les Americains par 
exemple consomment en moyenne quelque 3500 calories par jour dont un grand pourcen- 
tage vient de matieres grasses animales, et du sucre, alors que certains autres peuples qui 
ont un travail physique plus long et plus penible ne consomment que 2000 calories dont 
une grande partie vient de substances amylacees. 

L’experience clinique,les etudes epidemiologiques et les recherches de laboratoire s’accor- 
dent sur le fait qu’en general la sante et la longevite beneficient d’une alimentation plutot 
frugale et d’un effort physique et mental vigoureux qui se continue a un lythme plus ou 
moins regulier tout le long de la vie, De ce point de vue, il n’est pas sans interet de rappeler 
que les pays oil les vieillards retiennent leur vigueur le plus longtemps et oii le pourcentage 
de centenaires est le plus eleve, sont ceux oh la consommation de nourriture est assez 
restreinte et oii les habitants doivent se livrer a un travail physique continu pour survivre. 
Dans nos pays une economie d’energie pourrait facilement s’obtem'r en diminuant la con- 
sommation de matieres grasses et de sucre, et en dependant moins des machines pour les 
deplacements et les travaux dans la vie quotidienne. Il est probable qu’un tel changement 
dans les modes de vie diminuerait la frequence et gravite de certaines des maladies orga- 
niques, qui sont dites maladies de civilisation parce qu’elles ont beaucoup augmente dans les 
pays industriels. 

La vie psychique aussi souffre probablement du fait que I’utilisation de I’energie dans la 
plupart des activites de la vie quotidienne diminue de mille fafons les contacts avec 
la reahte. En general, nous ne pouvons jouir completement d’une experience que dans la 
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mesure oii nous y participons d’un fa^on active, par un effort physique et mental, Toute 
tcxperience passive est affaibUe et deformee. 

“Energy is Eternal Delight” . . . “Energy is the only life and is from the body” ecrit 
William Blake. Cette energie dont il dit qu’elle est une source ^temelle de delices vient non 
dii dehors mais de la vie et du corps. En principe, I’energie qui vient du dehors pourrait 
servir a augmenter et diversifier nos contacts avec le monde ext6rieur; mais en pratique la 
fagon dont on rutiiise appauvrit ou meme elimine ces contacts, pour les remplacer par des 
experiences indirectes qui sont attenuees et generalement deformees. 


ENERGIE ET ARCHITECTURE 

Dans le passe I’architecte et le planificateur etaient presque esclaves des conditions locales 
telles que la topographic, la nature du sol, I’abondance de I’insolation, de la pluie et de la 
neige, la nature des materiaux de construction dont on disposait. La necessite de tenir 
compte de ces contraintes mettait les styles d’architecture et de vie en correspondance intime 
avec les conditions locales. II s’est ainsi developpe au cours des siecles dans chaque region 
une “architecture sans architectes” dont la justesse se manifestait non seulement par 
reconomie de construction et d’operation, mais aussi souvent par le confort et par le 
charme regional. 

Grace a I’abondancc de I’energie et a ses facility d’utiUsation, architectes et planificateurs 
sont maintenant presque independants des contraintes locales. II ne leur est plus necessaire 
d’adapter leurs plans a I’intensite du soleil ou du froid, a la quantite de pluie ou de neige, k 
la proximite entre lieux d’habitation, de travail et d’approvisionnement. L’utilisation de 
I’energie sous une forme ou une autre leur permet de proteger le public des intemperies 
et de le deplacer presque sans efforts meme sur de longues distances. 

La methode qui consiste a resoudre les problemes architecturaux et de planification par 
une utilisation extravagante d’energie est en realite une methode paresseuse et qui presente 
de nombreuses objections. Elle est d’abord tres cofiteuse et le deviendra de plus en plus au 
fur et k mesure que le prix de I’energie augmentera. Elle mene a une banale standardisation 
et k une multiplication de demeures anonymes qui detruit la qualite des paysages ainsi que 
la personnalite et le charme des styles regionaux. Enfin elle desorganise la societe en rendant 
la vie de voisinage de plus en plus difficile, et de moins en moins intime. 

Si I’energie venait a faire defaut ou k devenir vraiment cofiteuse, on verrait sans doute 
renaitre une architecture et une planification mieux adaptees aux conditions locales. II en 
ressortirait des styles plus interessants et plus varies, et sans doute aussi des conditions de 
vie qui faciliteraient les contacts humains et favoriseraient ainsi la renaissance de I’esprit de 
communaute. 


ENERGIE ET AGRICULTURE 

La productivite phenomenale de Tagriculture modeme implique un emploi intensif d’un 
outillage tres complexe, d’engrais chimiques, d’herbicides, d’insecticides et souvent de 
rirrigation. Son efficacite ne doit done pas se mesurer uniquement en termes de quantite 
totale de production, II faut aussi tenir compte de la quantite d’energie requise par unite de 
production. Et quand on la juge sin: cette base, I’efficacite des pratiques agricoles modemes 
est souvent tres faible. Le fermier modeme depense beaucoup plus de calories “industrielles” 
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qu’il ne recueille de calories “alimentaires” sous forme de novrriturc. Ses depenses ener- 
getiques consistent par exemple en carburant pour faire fonctionner ses tracteurs, ses camions 
et autre equipement, en electricite pour produire engrais et pesticides, en toutes les formes 
d’energie requises pour la fabrication de son outillage et pour I’irrigation. 

En general, plus I’agriculture depend de I’energie industrielle, plus son vrai rendement 
diminue si on le mesure en termes de quantite de calories utilisees pour la production d’une 
quantite donnee de nourriture ou de textiles. De ce point de vue, I’agriculteur modeme avec 
son outillage industriel a des rendements beaucoup plus faibles que n’avait le vieux paysan 
avec son attelage de bceufs. La difference de rendement est vraiment enorme si Ton en croit 
des calculs tres recents de cout energetique. Alors que dans certaines cultures “prirm'tives” 
pour une calorie investie (surtout en travail musculaire) on obtient 5 a 50 calories alimen- 
taires, sans nos pays developpes il faut 5 a 10 calories de combustibles fossiles pour produire 
1 calorie de nourriture. 

II est superflu de dire que nos formes de civilisation seraient inconcevables si I’energie 
maintenant requise par I’agriculture devait etre foumie par la force musculaire. Mais il est 
tres probable d’autre part que le cout de I’energie orientera I’agriculture de I’avenir vers I’em- 
ploi de methodes avec un rendement energetique plus eleve. On peut prevoir que ces 
methodes auront pour ideal une adaptation plus parfaite entre les forces naturelles locales 
et la production agricole. On peut imaginer par exemple des pratiques favorisant les microbes 
du sol fixateurs de I’azote atmospherique ce qui diminuerait le besoin en fertilisants azotes; 
I’association de plusieurs esp^s de plantes pour obtenir une photosynthese plus effective; 
des regroupements de bales vives qui, sans empecher I’emploi de routillageagricolemodeme, 
augmenteraient la variete ecologique et par la I’efficacite de la lutte centre les parasites; des 
conditions de culture et d’elevage qui encourageraient I’accumulation de I’humus dans le 
sol. C’est par de tels precedes que, d’une fagon largement empirique, les andens paysans 
maintenaient la fertilite de leur terroirs, generation apres generation. Il est possible d’ima- 
giner une nouveUe revolution agricole, qui supplementerait les pratiques basees sur I’utilisa- 
tion de I’energie, par des methodes d’un ordre plus biologique et ecologique. 

Une agriculture utiHsant moins d’energie et plus respectueuse des necessites ecologiques 
aurait sans doute I’avantage indirect d’augmenter le charme des paysages et leur indi- 
viduaUte, en assurant une meilleure adaptation des terres et des methodes au climat, au 
relief et autres caracteristiques de chaque region. 


ENERGIE ET ADAPTATION 

La fa9on la plus certaine d’etendre les bienfaits de I’energie est de ne I’utihser qu’a bon 
esdent. Or il est certain que beaucoup de ses applications actuelles n’ont pas d’effets bdie- 
fiques reels et tendent meme a diminuer la qualite de la vie en menant la civilisation sur 
une rnauvaise route. 

Les exemples que j’ai cites pour iUustrer cette these ont ete choisis parce qu’ils ont tous un 
aspect commun. Us correspondent a des situations ou I’energie n’est pas employee dans un 
but vraiment createur, mais seulement pour diminuer les efforts que tout organisme — 
individu, societe, ou ecosysteme — doit faire pour s’adapter aux conditions dans lesqueUes il 
fonctionne. Cette tendance a remplacer les mecam'smes naturels d’adaptation par un apport 
d’energie du dehors a ete menee jusqu’a un point d’absurdite dans le monde modeme-— 
avec des effets qui sont non seulement negatifs, mais souvent destructeurs. EUe atrophie 
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les facultes physiques et mentales de Thumanite, elle appauvrit I’architecture et la planifica- 
tion en ignorant Toriginalite qui vient de I’esprit du lieu; elle empeche les forces creatrices 
de la Terre de maintenir spontanement la fertilite, la variete ecologique, et Toriginalite des 
paysages regionaux. 

Personne ne doute des bienfaits qu’une abondance d’energie apporte a rhumanite. II ne 
s’agit done pas d’en limiter les effets benefiques mais au contraire de les augmenter, en 
I’utilisant pour elargir le champ d’action et la richesse d’expression des facultes humaines et 
des forces naturelles. 

En adaptant les modes de vie, I’architecture, la planification, I’agriculture aux carac- 
teristiques naturelles de chaque region, il sera possible non seulement d’economiser de 
I’energie mais en meme temps d’ameliorer la vie et de stimuler la civilisation. D’une fagon 
plus generale, on pent entrevoir qu’une utilisation plus economique de I’energie contri- 
buera a la qualite de la vie en permettant aux facultes humaines et aux forces naturelles de 
tirer mieux parti du milieu et d’etablir avec lui des relations plus harmonieuses. 
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RANDERS: Thank you very much. Prof. Dubos. Your thoughts formed a very suitable and fine ending 
for this session here. Philosophy is probably as useful as technology when it comes to our worries about 
energy production and energy uses. Now we still have a little time for questions or remarks. 

LAWAND: I’d like to address a question to Dr. Lewis. Yesterday I posed a question to Dr. Zraket 
about the net efficiency of nuclear plants in the United States and I would like him to give me an answer 
on that with regards to the CANDU (Canadian Government) reactors. That’s question 1. Question 2: it 
was interesting to see that the figures on the board — perhaps I can just flip them over— I don’t remember 
exactly what date Pickering was established and made operational. I’m quite interested to see the cost 
figures. But I’m also interested in some conunents on the stability of this figure. In other words, based on 
your experience ■with other nuclear reactors, do you expect this tj^e of figure to hold up? I was at a con- 
ference recently in the United States where there was quite a bit of criticism of the fact that some cost figures 
had been quoted on some nuclear plants which looked very optimistic at one time, but two or three years 
later the costs were no longer the same and they were quite substantially different and very much higher. 
I would like to get some information on both those points. 

LEWIS; There were really several points there. One thing of course you might notice in the last line on 
the chart there was that which quoted 6.2 milli (1972) dollars. The trouble is that we are in a period of 
very rapid inflation and it is therefore necessary to specify what year you’re speaking of in quoting any 
dollar value. That figure was for Pickering for 1972. We have now completed 1973 and the figure, on the 
same basis, is 6.6 milli (1973) dollars per kilowatt hour. So in a way one can say it’s stable. On the question 
of when Pickering was commissioned, it was commissioned according to a program of one reactor, followed 
by another, followed by another, etc., until all four units were in use. I mentioned in the talk that the fourth 
unit was only commissioned at the end of May in 1973. So that in quoting that 14 000 million kWh in 1973, 
that represents a capacity factor of more than 80% during the time that the units were all operating. I think 
we can expect to go quite a bit higher than 80% utilization. Whether it will be possible to achieve 90%, I 
think is a bit in doubt. What has happened to that program? I thought some previous comments might be 
of interest; I have a paper here given by Mr. Woodhead, of Ontario Hydro, to the Canadian Nuclear Asso- 
ciation in June this year, just citing what he was expecting to have to operate. He said: “In 1973, Ontario 
Hydro total installed capacity was 16 000 MW of which 2290 or 14% was nuclear. The nuclear units pro- 
vided about 18% of the total electric energy in 1973. Ten years from now the total capacity will be 32 000 
MW of which 13 000 or 41% will be nuclear. By 1990 we expect to have 25 000 MW of CANDU nuclear 
capacity in Ontario, supplying 65 to 70% of Ontario’s electrit^ energy.’’ Now all that deals mth a program 
which I believe is scheduled as well as that for the production of the initial Pickering reactors and I expect 
it to go into action. This is not involving the change to thorium or the organic coolant. The change to 
thorium or the organic coolant I have said might be done fay 1990 but the time is slipping by a bit and I 
think we’ll soon have to put that a little bit further on, not because the technique is proving difficult but 
because everybody is so busy doing other things that they have no major program on the organic coolant. 

I think this is a real opportunity for the world, and it’s interesting to trace it back in history. We have been 
consistent in this, right from 1952. We made one slight sidestep in going to a pressure vessel reactor from 
which we retreated at some cost in 1957, but since then it’s all been on the basis of the pressure tube reactors 
with heavy water moderator [Lawand repeats question] yes, that of course is very low at Pickering: 29.2% 
is the net station efficiency quoted for Pickering. That’s from the thermal energy to the net station electrical 
output. But when I mentioned the organic coolant I said that w'e were expecting an output of 38 or 39%. 
That is quite well documented and I think is as certain as the 29.2%. 

DOSTROVSKY: I have rivo questions: one to Mr. Le\vis and the other one maybe to our chairman. 
Dr. Lewis, this is a simple question. Perhaps some superior being tells you to go ahead and build the kind 
of reactors you have as fast as you can. How many reactors could you possibly build in 50 years? The other 
question refers to the last talk w'e had this afternoon. Certainly the presentation was very impressive, but 
the question is. What do we do next with this? Articles were written about this, references exist in the 
literature, analyzing somewhat these data. However, nothing much has been done. Maybe I should address 
miself to our chairman— could not one of the resolutions of this meeting (I understand we’ll be discussing 
these in the next two days) be that someone or somebody would really undertake a serious analj’sis, under- 
lining the suggestions by Prof. Dubos? 
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RANDERS: Tlinnk you very mucli, Dr. Dostrowky. It is a positive supttestion and I am sure many of 
us will think about it. 

LEWIS: ... to reply to this question. Tliis is not an idle kind of question. Tlic point is, whenever you’re 
talking about 70 years on the people who will be doing that arc not yet born let alone educated. .So that 
one is really concerned with a whole national, international type of program that goes far bc>ond just 
building these reactors. I have said that no new scientific or technological breakthrough is needed. That, I 
think, is quite correct. We do not need to go beyond the technology that has been demonstrated. Hut even 
the next step of saying, build me one 1500 MW rc.actor with 39% net station cfficicnc>- is not something 
that you could hand to any engineer and expect him to go and do it with his own team. No. Tiiesc things re- 
quire a program, like the program that produced the Pickering reactor. Yes, it can be done. But, as I say, 
1992 is more likely the date when that type would come in. Once that type came in, one svould expect in- 
dustry to be capable of taking it on. But there is a lot more than just industry svho have got people, you’se 
got questions of how in effect you’re going to finance it, and who is going to take the responsibility for the 
operation and all the rest of it. This is a very, scry big question. So that to answer. Oh, you can build just 
so many, doesn’t really mean anything. You’ve got to start a long campaign of planning, educating people — 
giving a talk recently to the science teachers’ association in Ontario, I said: You must know that Pickering 
has arrived from very successful cooperation. What we must expect from your students is both to be tech- 
nically educated and to be educated in cooperation. Tlrat’s very necessary. We could go c\cn crazier than 
even some of the educational trends in which recently we had a little depression and very few engineers 
were seeking adranced education. Tliat has changed where now all the graduate schools in engineering in 
Canada have turned that comer and they arc filling up rapidly. 

STEWART: I should like to change the subject from that addressed by my compatriot Dr, Lewis and 
address a remark to Professor Dubos. It appears to me, looking at it from tbc point of view of a phjsicist, 
that it is rather unfortunate that both fuel and food can be measured in calories. I belics’c that if we still 
had Professor Nordhaus here he, as an economist, would distrust this immensely. I must say that although 
I disagreed with a great many things he said, I would agree with him on this point. I do not bclicsc that we 
can measure the value of an oyster or a lettuce in terms of its calorics. It really appears to me that to define 
the efficiency of agriculture, as I have seen it done by many people — including Professor Dubos — in terms 
of calorics output divided by calorics input distorts the mature of agriculture. Neither the calorics output nor, 
in particular, the caloric input is a true measure of the benefits or the costs of agriculture. The comparison 
is, I think, unfair. Certainly energy should be counted as part of the cost calculation in the efficiency of 
agriculture. Simply to take the output of agriculture and divide it by the number of people involved is not 
the correct calculation. But I think that the calorie comparison is unfair. 

RANDERS: Does anybody else want to make a remark about this question? 

JASKE: I'll just ask a simple question to Prof. Dubos. If he would summarize perhaps what he con- 
siders the three or four most important reasons why Western Cirilization as we know it got into the situation 
of using more cncrg>' than they should? He has made a rery educated and beautiful presentation of the 
fact that they arc, but he didn’t say an>'thing about how we got there. I’d like to hear him use the same 
eloquence in that regard. 

DUBOS: Well, you know the anssver as well as I do. We got there because we have been so unfair in 
the way we have priced cncrg>’. As long as energy is dug out of the ground by someone else or is dug out 
of the ground by miners who are underpaid for the risk under which they work, you price cncrg>’ at a Icsel 
which is socially completely unfair. Because of that we become careless, rather careless — cncrg>' is so cheap 
. . . you know that better than I do. Energy has been made so cheap because w e have exploited other people 
in all sorts of difTerent ways. I think that if we had priced encrgj' at the Icxcl where it should be, right from 
the beginning, we would have been much more careful in the way we used it. I did not equate a caloric 
of beef with a calorie of oil. What I spoke of is the cost of producing that calorie of beef or that calorie of any 
kind of food in terms of any other calorics. The fact is that as the cost of cnergj- increases, as it will and as 
it should, I think the cost of food will increase inevitably. We can’t help it. 

BLACKSHEAR: ... In your speculation on the use of man’s interx’ention in growing things, have you 
considered the use of enhanced crop residues as export energy? 

KELLOGG: I’m afraid my question is not a very short one. I wanted to ask Dr. Dubos, since he is here, 
a question on a somewhat different subject. Many of us, considering the future a century or more ahead, 
are predicting a society where we have a sort of steady state; the population can’t go on growing so it sort 
of levels off, and the per capita energy consumption can’t go on growing so it levels off too. \\'hen I con- 
sider such a steady state society, I think about a remark that you yourself made in your talk on the occasion 
of getting the Institut de la Vie prize. You made the point that Ihing organisms can only surxive if they hare 
to adapt to changes in their condition. The same thing is true of social structures, which must also con- 
tinually evolve. This is a subject that has worried me, if we are indeed working towards a condition w-here 
society would be static. I find it hard to xisualize this, and wonder if it isn’t a very unfortunate condifion 
to be working towards. 

DUBOS : How can I answer without making silly statements? First of all, I still beliere what I said then. 
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Speaking of planning, I’m always very much disturbed by the fact that the models that one creates — stable 
systems where no evolution occurs — one calls, as far as 1 can judge, planning as it is being discussed in the 
other room, is to a large extent trying to devise a system where our way will continue to be for another 
1000 years. I think this is antibiological, that it cannot possibly function. So I do believe in the evolution of 
s>’stems. On the other hand, I believe there arc limits to the amounts of energy that one can use for all 
sorts of other reasons that arc embedded in the physical system. But I think that our options, with regard 
to the production of cncrg>’, arc verj’ much more varied than what we have considered here. We have 
talked only about fossil fuels and we have talked about nuclear fuels. As some of you probably know, 
there arc many people who have gone as far as demonstrating experimentally — which means that eventually 
it can be done in an actual operation — that one can even today on a small scale produce fuel, produce 
cellulose, by growing certain kinds of plants at a certain carbon dioxide concentration, at a price which is 
higher somewhat, but not very' mueh higher than the fuels of today. I’m not speaking of solar energy because 
everybody has it in mind, but even with regard to renewable fuel systems or organic nature, as oil or coal 
is, it seems to me that we can even today develop a photosynthctic process which is so efficient in the use 
of solar energy, at about 5 or 10% carbon dioxide concentration, that there have already been designed and 
in operation, not plants, but some laboratory systems where cellulose is being produced as well. I cannot 
give you a reference. It’s mentioned in a book. Is it called Tlw Conservation of the Earthi Yes, which was 
published last y’car by a group of consultants on environmental and energy problems located in Washington. 
They have a chapter on it. Since I have tried to consnli some of my colleagues in plant physiology who are 
better informed than I am on that, there is no doubt about it. There is no doubt that there arc all sorts of 
plants which arc not useful as food products but which arc fantastically efficient with regard to fixation of 
solar energy. Water hyacinths, for example, which arc a plague in the water course. If you think of growing 
it for the sake of growing cellulose, it comes to be a man’clous substance. I believe our societies will evolve 
completely; I believe our agriculture will evolve completely. But I think we will have to learn to do it within 
the constraints upon what I have called invariants of human nature and the invariants of the physical 
nature. But that lca\’cs us plenty of room to navigate. 

HUET: Je suis tout pret a suiiTe la proposition du Prof. Dostrovsk-y quo nous reprenions comme sujet 
d’etude ccrtaincs rdflcxions du Prof. Dubos dont Ic tr 6 s grand mdritc a dtd justement dc nous faire TSBechir. 
Jc voudrais faire tout dc mcme deax observations i cc sujet. On pent concevoir qu’il y a un certain optimum 
dc consommation d’dncrgic ct la poursuitc d'unc croissance rapidc ct ind^hnic dans ce domaine comme 
dans d’autres est un objcctif absurdc. Mais — ct e’est 1^ quo jc voudrais interrogcr Ic Prof. Dubos lui- 
merac— si une croissance n’apportc pas toujours Ics satisfactions qu’on pourrait en esp^rer, une stagnation 
ouuneddcroissancccst pluspiniblccncorc ct par consequent il faut considdrcrqu’il y a une impossibility ^ faire 
rygnesser Ics pays qui ont attcint un certain niv’cau ct uric tendance probabicment irresistible des autres pays 
a atteindre un niveau comparable. Par consequent jc crois qu’il faut tenit compte de ce phdnomyne. Et je 
pense qu’il faut Icnir compte d’unc autre donnde, dont Ic Profcsscur Dubos nous a peu parld, sinon dans la 
reponse qu’il vient de faire i I’instant, mais dont nous avons traitd davantage ^ notre premidre seance: ce 
qu’on a appeld les execs ou Ics abus dc la consommation d’dncrgic, finalement etait ddtermine par des 
facteurs d’ordre deonomique ct cc qui pourra sc produim pour freiner I’accroisscment de la demande d’ener- 
gie sera dgalcment determind par des facteurs deonomiques. Je rappcile qu’d notre premidre sdance nous 
avons abordd la question des besoins futurs ct de leur accroissement et on nous a dit — nous avons tous ete 
d’accord sur ce point — qu’il y a dans I’dvolution rdccnte des facteurs dc moderation de I’accroissement 
dc la demande d’dnergie. La sccondc question est alors cclle-ci : si nous nous engageons dans une reflexion sur 
des probldmcs d’dthique, dont jc vois bien I’intdret, cst-ce que nous avons Ics moyens de traduire les con- 
clusions auxquclles nous arriverons cn consignes politiques cffectivement applicables, sachant que finale- 
ment le rdgulateur de la consommation d’dncrgic e’est non pas un bilan thdorique de la consommation et 
de la ddpense des calorics ou dc toutc autre donnde quantitative, mais un calcul dconomique des prix de 
revient. Le paysan ne sc demande pas cc qui est entrd d'dnergie dans les tracteurs ou dans les insecticides 
qu’il utilise, il regarde ce qu’il peut produirc ayant le meillcur prix de revient sur le marche et comment il 
peut augmenter sa production en utilisant des produits, qu’il ccssera d’utih'ser non pas parce qu’il se dira 
“11 y a trop d’dnergie li-dedans’’, mais parce que 9 a Ivii cofltera plus cher et que ce ne sera plus rentable, 
tout cela etant gouvemd par la loi dc la rentabilitd. Jc veux bien que nous fassions une dtude qui, encore 
une fois, me parait intdressante et une rdflexion qui me passionne sur un optimum de consommation d’dnergie, 
mais ces deux facteurs que j’indique, dont le premier est social, en gros, et dont le second est dconomique, 
me paraissent introduire lil-dedans des limitations et des regulations et je me demande comment notre 
reflexion pourra aboutir sur le plan politique, parce qiie e’est tout de meme ce que nous devons chercher. 
Une fois de plus, je vais faire une rdponse indvitablement superficielle en citant un exemple concret. Il se 
trouve que je suis engagd d’une fagon pratique dans toutes sortes de probldmes aux quels vous avez fait 
alteion. On salt, tout le monde sait, ou devrait savoir, que la facon dont ce batiment — ^n’importe quel 
batiment— est consfruit est horriblement chdre du point de vue de I’dnergie qu’on y consomme. De plus, il 
n’est pas agreable; e’est important qu’il ne sort pas agrdable, parce que ce fait me permet d’illustrer par 
un exemple ce sujet dans lequel je suis tellement engagd aux Etats-Unis: "Better Lffie thronnh Less Energy”, 
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unc mcillcurc vie, amcliorcr In vie, cn ddpcnvnnt moins d crcrnic. Alors prenez done I'nrchitccturc — ct il cst 
important d'en paricr pnrcc que ccitc prescription s'est diji cxprimic aiix IZtats-Unis tout forme de no-j-.eaux 
rigicments quant a la construction. Or on sail que. du point de vuc phj-siologique, nous utiiisons beaucoup 
trop de lumicrc. Non .sculcmcnt ca nc nous aide pas, maisca a mcme dcs cfTcts ph>sii^!ogiques desagrcables. 
On Slit d’autre part que la faqon dont ces choses sont construites demandequ'on pompe de I'cnergie pendant 
I'hivcr pour rcchaulTcr. qu’on pompe de Icnerpie pend.ant Iclc pour mfraichir, alon qu’en chanreant 
profonde.ment rarchitecturc on peut deonomi'er dnormiment d cnergie de cc point de %a;c-l 2 . Eh bien je 
peux vous dire que nous avons des (troupes d'ardiilcctcs ct d'ingenieurs, une ccole cntierc consacrcc a cc 
sujet. dont Ic scul souci cst d’essayer, dapprendre a cssaycr de rcformuler rarchitecturc de telle faqon 
qu’clle soit beaucoup plus cconomique du point de sate de Icnerpie ct cn mime tc.'r:p', pevr rcvcnir a noire 
sujet, cette architecture cst beaucoup plus intcrcssantc, la vie cst beaucoup plus ngrcable. Ouand fessaie de 
synthctiscrcc point de vuc sous unc forme un peu lapidairc, je dis; ch bien j'ai secu a N'rA,-yorI:,a un moment 
oil jc n'avaLs plus d’arpent. pendmt Ictc. oii la temperature cst si abominable, com-me vous le .savez, mais a 
cc momcnt-li jc pouvais ouvrir mes fenitres. Quand je suis desmu un peu plus riche — quand j’ai pu m,' le 
permetfre — j: miC suls installd dans un b.'itiment comme cclui-d. oii on ne pouvait pas ow-rir Ics fenetres. 
Et pendant tout I'ctd il fallnit fairc marcher la climatisation. Et maintennnt que j'ai plus de libcrtc, je peax 
me permettre la fantaisie d'habitcr dans un appartement oil il y a une sentibtion croisicct ou je peux om.Tir 
touics Ics fcnctrcs ct oil je n’ai plus jamais a m.e sers ir de clim.atisation a Ne-.v York. Parcc cue je peux 
as'oir une ventilation croisee. Et je peux vous assurer que e'est beaucoup plus attrdable de visre a Ness- York 
as-ec des fcnctrcs ouvc.'tcs ct s-cntilation croixe que ca ne Test cn cssas-ant d'echapper a I'ctc cn faisant 
toumcr dcs climaiisatcurs, Et cn fait, si j’ai unc formate a d'-ferdre, ct une formate qa’cn peat dcfcndre 
dans toates sortes de domaincs. e'est qu'il cst possible d'ameliorer la qaaliic de la vie, du point de sue de 
la same physique, de la same morale. la qualilc du paysage, la qa.oliic de ratsehilccture, J'ulilisation des 
terres ca utilisanl moins d'energie. Et cette formulation da problcme a un sens cconomique, un sens social 
ct pcut-ctrc convertir facile.mcnt. jc crois cn des actions politiques. 

RANDERS; Thank you. Prof. Dabos. I think it’s perhaps true, ns Prof. Dostrossky said, that some of 
your thoughts from your Ixturc and discussion ought to be reflected in the conclusions of this meeting. 
Maybe our rapponeur could manage to bring these up. Then 1 will thank c.-cobody ssho has panicipated— 
both speakers and those who made intementions. 
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FOREWORD 


The aim of the INSTITUT DE LA VIE is: 

— to start a permanent train of thought, both basic and applied, theoretical and practical, 
about life and the human condition, whether considering our species within the bio- 
sphere or mankind in alt its dimensions; 

— to bring together the highest autliorities in science and technology in order to seek 
constantly, among the plurality of disciplines and of philosophies, the solutions that 
would best suit the needs and yearnings of human beings and so to assist in their 
decision-making those who arc invested with the greatest responsibilities; 

— to set up permanent exchanges between men at all levels in order to make them sensitive 
to the value of life and teach them how to respect it. 

The INSTITUT DE LA VIE organized, from 9th to 14th September 1974, a world con- 
ference on: 

“TOWARDS A PLAN OF ACTIONS FOR MANKIND: 

NEEDS AND RESOURCES, METHODS OF FORECASTING” 

Participants to this conference were 236 belonging to 29 countries. 

Five items were chosen, they were each subject to a preparatory colloquium in September 
and October 1973, The works of this colloquium were published in the book: “TOWARDS 
A PLAN OF ACTIONS FOR MANKIND, PROBLEMS AND PERSPECTIVES”.^ 

The proceedings of the conference itself arc published in five volumes. 

This event will be followed by numerous others, prompted by the same will to carry on 
the human adventure and to enable man to live and to achieve himself. 

The INSTITUT DE LA VIE will sustain the same joint effort of universal concertation 
every four years. 

The INSTITUT DE LA VIE is the meeting-point of anxieties, hopes and determination. 
Here consciousness is aroused, the alert given. It is vigilant at the outposts of the preserva- 
tion of life. It establishes the equations of the future and of salvation. To awaken con- 
sciousness is to create confidence as all despair is henceforth void of effect. Confidence in 
our ability to find new solutions to new situations, confidence in mankind, confidence in 
its spirit, confidence in life. 


M. MAROIS 




PREFACE 


UINSTITUT DE LA VIE a pour objet: 

— d’engagcr d’une manierc permanente une reflexion fondamentale et appliqute, theorique 
et pratique, sur la vie cl la condition humaine, qu’il s’agisse de notre espece dans la 
biosphere ou de rhomme dans loutes scs dimensions; 

— de rasscmblcr Ics plus liautcs competences scientifiques et techm’ques pour rechercher a 
chaque instant dans le pluralismc dcs disciplines et des philosophies les solutions les 
mieux adaptces aux besoins et aux aspirations des humains et d’aider ainsi la decision 
de ceux qui sc trouvent investis dcs plus liautes responsabilites; 

— d’elablir un courant d’cchangcs entre les hommes a tous niveaux pour les sensibiliser 
a la valour de la vie et les eduquer a la respecter. 

LTNSTITUT DE LA VIE a organise, du 9 au 14 septembre 1974, une conference mondiale 
sur le theme: 

“VERS UN PLAN D’ACTIONS POUR L’HUMANITE: 

BESOINS ET RESSOURCES - METHODES DE PREVISION” 

a laquellc ont parlicipc 236 pcrsonnalites appartenant a 29 pays. 

Cinq themes ont etc choisis qui ont fait chacun I’objet, cn septembre et octobre 1973, 
d’un colloquc prcparatoirc. Les travaux de ces colloques ont ete publics dans I’ouvrage 
“VERS UN PLAN D’ACTIONS POUR L’HUMANITE - PROBLEMES ET PER- 
SPECTIVES”.^ 

Les actes de la conference clle-mcmc sont publics en cinq volumes. 

Cette manifestation sera suivie de nombreuses autres inspirees par la meme volonte de 
poursuivre I’aventure humaine et de permettre a I’liomme de vivre et de s’accomplir. 

L’INSTITUT DE LA ’VIE soutiendra tous les quatre ans le meme effort concerte de 
reflexion univcrsclle. 

L’INSTITUT DE LA VIE est le point de rencontre des inquietudes, des espoirs et des 
volontes. II est le lieu de la prise de conscience, de la mise en alerte. II veille aux postes 
avancees de gardien de la vie. II pose les equations de I’avenir et du salut. Prise de con- 
science, prise de confiance puisque tout desespoir est desormais porteur de neant. Confiance 
dans notre capacity de trouver des solutions neuves a des situations neuves, confiance dans 
I’horarae, confiance dans I’esprit, confiance dans la vie. 


M. MAROIS 
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L’INSTITUT DE LA VIE ET LA CROISSANCE 


M. Marois 

Profcsseur a la Facultd dc Mcdccinc de Paris, President du Conseil d’ Administration 
dc VInstitut dc la Vic, S9 botdevard Saint-Michel, 75005 Paris, France 


En ouvrant ccltc conference, j’cxprime a tons les participants, au nom de I’lnstitut de la 
Vie, nos souhaits chalcureux de bienvenue. 

Jc suis heureux dc vous presenter les voeux pour la rcussite de nos travaux de Monsieur 
Val6ry Giscard D’Eslaing, President dc la Republique fran^aise, qui a accorde son haut 
patronage a cette manifestation ct dc Monsieur Jacques Chirac, Premier Ministre. 

Nous sommes devant ic futur inconnu, unc page blanche sur laquelle nous allons ecrire 
une histoirc neuve. Voici Phumanite confrontcc avee cllc-memc, avee sa propre survie, son 
cpanouisscmcni ct !c problcmc dcs fins. Voici qu’cllc cst devenue un seul corps. Unite de 
dcstin. Voici qu’cllc sc heurte a la notion dc limite. 

Si la croissance cxponcnticllc nc peut pas se poursuivre longtemps, le monde entrera 
i cchdancc prcvisiblc dans dcs crises dc sun'ic. L’homme, ctre de besoin, subsiste en pillant 
la planctc ct rencontre sur Ic chemin dc sa vie la multitude de ses semblables et la rarete 
dcs ressourccs. Besoin, multitude, rarete imposent une organisation technique et sociale 
rigourcusc, cependant qu’un combat dc gcants sc livre entre les peuples pour la possession 
dcs biens. Et dcnouvcllcs alienations frappent la condition humaine. Aucune ne saurait faire 
tairc les aspirations dc rhomnic. Et certain philosophc d’affirmer: pour leur permettre de 
s’cxprimcr, pour rejeter le poids dc I’incrtc, ii n’est qu’une seule issue: le soulevement, la 
rdvoltc, la revolution, suivis dc nouvcllcs retombees. Ainsi la marche de Phumanite apparait- 
clle dans cette vision comme unc passion sans fin que jalonnent des stations successives. 

Est-il possible de substitucr aux regulations paroxystiques par les crises, des regulations 
pacifiques, conscientes, grficc a unc apprehension des donnees objectives du probleme, en 
mobilisant les moyens dc la science et le sentiment d’interdependance, de solidarite, de 
communaute de desUn? 

La lutte pour la vie libere collcctivement Pinstinct de conservation et peut dechainer 
toutes les violences. L’objet de cette conference est de choisir le terrain des affrontements 
ineluctables. Faut-il engager la guerre des generations, la guerre de la vie actuelle centre la 
vie a venir, du present centre le futur, reduire le nombre des naissances et, en nous com- 
portant en “Gengis Khan de la banlieue solaire”, leguer a nos descendants un monde in- 
hospitalier, pollue, epuise? Faut-il se resigner aux affrontements entre groupes humains? 
Ou devrons-nous chcrcher un armistice sur ces champs de bataille en aflannant la double 
solidarite: solidarite des generations, puisque, maillon d’un longue chaine, nous sommes un 
moment de Phistoire de la vie qui doit se poursuivre dans la suite des temps, solidarite 
des hommes entre eux et interdependance. 
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M. MAROIS 


Cette interdependance, cette solidarite reconnues, alors nous devons ouvrir un autre 
front, un front commun de I’humanite pour sa survie par I’amenagement du jardin de la 
terre, de la patrie terrestre. 

Ayant ainsi choisi le terrain des combats, nous devons en definir les objectifs et les moyens. 

II est temps d’instituer une reflexion sereine sur le theme des limites de la croissance et sur 
les limites de ce theme. 

Sur le fonds des mythologies politiques nourries de valeurs sociales telles la justice et la 
paix, les mythes economiques et techniques ont une intentionnalite plus precise, un role 
historique plus ephemere. La croissance est, selon Guillaume, un mythe majeur dont la 
fonction rationalisante, dans une situation historique donnee, est claire. Mais la notion de 
croissance n’a pas seulement un contenu economique et technique. 

Nous devons faire eclater les categories et tenter de deceler au-dela du tumulte des con- 
cepts parcellaires et des clameurs des desarrois une realite plus fondamentale: la vie. La 
vie a une politique; perseverer, s’exprimer, conquerir, dvoluer. L’un de ses drames est le 
divorce entre la surabondance des potentialites et la penurie des moyens. “A quoi reve une 
cellule: a devenir deux”, ecrit joliment Francois Jacob. 

Une seule bacterie a qui Ton donnerait tons les moyens de se multiplier sans frein syn- 
thetiserait en huit jours une masse de matiere vivante superieure a la masse de la terre. Or il 
est bien vrai qu’une bacterie ne fabrique pas une terre tons les huit jours : il faut bien qu’elle 
accepte une sorte de regulation des naissances, qu’elle se heurte a ses propres limites. Ainsi, 
pour lebiologiste, la limite n’estpas une idee neuve. La mort,in’est-ellepas pour les individus 
la limite supreme? Mais void que la mort elle-meme trouve sa place dans I’economie de la 
vie. Chacun des atomes et des molecules qui constituent notre organisme a ete implique 
dans des milliards d’etres vivants avant nous et notre depouille serv'ira a construire de 
nouvelles vies. Tel est le cycle du carbone, de I’oxygene, de I’azote, etc. Le recyclage non 
plus n’est pas une idee neuve. Ainsi la mort donne-t-elle de nouvelles chances pour de 
nouveaux essais, pour de nouvelles expressions du protoplasme, et le mouvement n’est pas 
brise. Quelle le^on! Jamais la vie ne se resigne a la limite. Toute affirmation de la necessite 
de la limite ebranle dans ses eaux profondes I’instinct de vie si elle s’erige comme un mur. 
Et le mur sera invest! par I’elan de la vie, de nouvelles formes de depassement seront 
trouvees. 

C’est ici que la science intervient pour jouer un role determinant. Elle pent faire I’inventaire 
des ressources de la planete, de leur mode d’utilisation, des possibilites de recyclage et 
relever ainsi le defi face aux nostalgiques passeistes qui la condamnent. La necessite du 
recours a la science est proclamee avec vigueur par I’lnstitut de la Vie comme une reaction 
de sante. Evoquerons-nous Einstein: “Ce sera I’etemel honneur de la science d’avoir vaincu 
I’insecurite de Thomme devant lui-meme et devant la nature.” 

Mais la science n’est qu’un moyen. Inevitablement se pose le probleme des fins et la 
necessite de leur formulation claire: developpement de tout rhomme et de tous les 
hommes, style d’existence et qualite de la vie, modes de societe, classement des priorites, 
tension dynamique entre competition et communion, efficacite etpoesie, biens materiels et 
beatitudes. 

A ce point de la reflexion, I’heure sonne de I’appel a la haute politique. “Ce qui en philo- 
sophie est sens, en politique devient but.” L’impuissance politique du pouvoir a pu etre 
stigmatisee. Cette limite du pouvoir politique peut a son tour etre depassee. Le pouvoir 
trouve sa legitimite et sa puissance lorsqu’il ne meconnait pas les lois de la vie et lorsqu’il 
sait exprimer les grandes aspirations humaines. 
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Nous sommcs la vie dans la permanence dc ses besoins, de son mouvement et de ses lois, 
la vie dans son changcmcnl ct sa pcrcnnilc, nous somnies Thomme dans la fixite de ses 
structures ct dc ses constantes mais aussi dans la Iluiditc dc ses adaptations aux sittuations 
qu’il sc crec. Nous sommcs !c flot dc I’histoirc humaine, avec le tumulte de son passe et 
I’cspoir indcracinablc d’un avenir marque de moins dc zones d’ombre. L’institut de la Vie 
crcc-t-il unc legende? Sans doutc, au sens dc la L<5gcndc dcs siecles, ecrit-il la page con- 
tcmporainc d’unc geste qui revendique pour riiomme et pour son avenir I’honneur de 
vivre plus humaincment la vie. 




POURQUOI CETTE CONFERENCE? 


J. Coulomb 

President du Conseil International des Unions Scientifiques, 4 me Emile Dubois, 

75014 Paris, France 


Le President Marois m’a prie de retracer pour vous I’histoire prenatale de la presente con- 
ference, d’une part pour montrer I’utilite de leurs efforts a tous ceux qui ont ete associes a 
sa preparation, d’autre part pour faire sentir a tous les participants I’espoir qu’on met en 
eux. Plus modestement, quoique plus personnellement, je m’efforcerai de raconter comment 
un des membres du Comite d’organisation, geophysicien d’origine done peu prepare a 
traiter les sujets qui vont vous occuper, s’est trouve implique dans des tatonnements successifs. 
dont nul ne saurait rougir ni meme s’excuser puisqu’ils ont abouti finalement a une 
cristallisation correcte des buts poursuivis. 

En 1967, Jacques Rueff, Chancelier de I’Institut de France, dont il est inutile de rappeler 
I’oeuvre en Economic Politique, publiait “Les Dieux et les Rois,” II tentait dans cet ouvrage 
de rassembler en une synthese bardie les enseignements de la physique quantique et de la 
biologie moleculaire, ceux de la sociologie et de I’economie. Jacques Rueff s’efforgait de 
montrer la presence dans I’Univers de “niveaux d’ordre” successifs, le courant permanent 
qui les cree contrecarrant I’usure inevitable des structures. Dans cette vision unifiante, les 
individus qui appartiennent a un m'veau d’ordre sont formes par “integration” d’individus 
du niveau anterieur. L’economie politique etudie ainsi “Peffet des interactions fondees sur 
le desir des richesses, comme la physique, celui des interactions electriques ou magnetiques.” 
A I’indeterminisme d’Heisenberg correspond le libre arbitre, I’integration se fait en negligeant 
la diversite des etres, et toute connaissance est d’ordre statistique. 

Je me garderai d’aller plus loin, craignant de trahir la pensee de Jacques Rueff, Je dirai 
seulement que son livre fut discute en 1968 lors de deux reunions auxquelles 1’ Academic des 
Sciences Morales et Politiques invita 1’ Academic des Sciences et que je fis imprudemment 
quelques remarques au cours de I’une d’elles. Cel adevait me valoir d etre invite il y a quatre 
ans par I’Institut de la Vie h faire partie d’un Comite frangais pour I’organisation d’une 
Conference internationale sur les processus d’integration en physique, en biologie et en 
sociologie. 

La premiere reunion, a laquelle assistaient quelques-unes des personnalites ici presentes, 
se tint a Versailles le 21 novembre 1970. La complexite des phenomenes y apparut clairement 
mais aussi la necessite de definir certains mots-cles : finalite (car on disputa fort sur le finalisme 
f les finalites), hierarchic, information, objectivite, ordre, structure, systeme,^ val 
mdividu et societe. Une clarification fut tentee le 16 janvier 1971 au cours d une reun 
laquelle je ne pus me rendre. 
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Ces travaux pr6paratoires seront sans doute precieux le jour ou convergeront vers leur 
cime les conclusions des reunions diverses organisees jusque-Ja par I’lnstitut de la Vie. 
N’appartenant pas a ses instances dirigeantes, je ne puis estimer la date a laquelle sera 
finalement discutee la Montee de I’Ordre dans TUnivers. L’important pour mon sujet 
d’aujourd’hui, c’est que de nombreux collegues signalerent a cette occasion I’iniraense 
interet des methodes d’analyse des systemes pour la comprehension des phdnomenes biolo- 
giques aussi bien que pour la mod^lisation des phenomenes alfectant les soci6tes huraaines, 
A cette epoque d’ailleurs, le grand elan mondial vers la futurologie, amorce vers 1957 
par Gaston Berger et son Centre International de Prospective, avait pris I’ampleur que vous 
savez. Au MIT, le Professeur Forrester et le Professeur Meadows poursuivaient dejk les 
etudes que leur avait demandees le Club de Rome, On preparait la Conference de Stockholm 
sur I’Environnement. L’idee venait done, naturellement, et en conformity avec les buts 
premiers de ITnstitut de la Vie, d’infiechir vers une application a la sauvegarde de I’humanite, 
les efforts qu’il voulait consacrer k la comprehension de I’Univers, 

Ici encore, I’analyse des systemes paraissait offrir I’outil indispensable, Le Professeur 
Marois prit done son baton de pelerin, demanda a Monsieur Pierre Huet et a moi-meme 
de I’accompagner, et nous partimes pour PUniversite d’York, a Toronto ou le Professeur 
Medow organisait du 14 au 16 mai 1972 une reunion sur la modelisation, ayant particu- 
lieremcnt en vue les besoins des Nations Unies et les devoirs de la Communautd univeristaire 
Internationale, Nous en revxnmes fort instruits sur des complexites nouvelles, et conscients 
aussi du nombre de chercheurs et d’organismes varies qui empruntaient des voies paraliyies 
pour guider le Monde vers un emploi plus raisonable de ses ressources, II etait Evident 
qu’il fallait rdliychir encore avant d’entreprendre quo! que ce soit, et cela nous fut dit 
tres explicitement par le Professeur Morgenstern qui avait assistd a la reunion d’York. 

Lc 14 septembre 1972, I’occasion du Congres International surl’Homme et I’lnforma- 
tique, un groupe restreint preside par Monsieur Gibrat se reunit a Bordeaux pour remettre 
en chanticr la presente conference, qu’on pensait alors consacrer aux equilibres (ou aux 
des6quilibrcs) biologiqucs. Je n’etais pas k Bordeaux. II semble que les personnalitys 
prdsentes furent unanimes k souhaiter I’intervcntion de I’lnstitut de la Vie dans la bataille 
pour un monde nouveau, tout en soulignant I’importance d’une approchc intcrdisciplinaire 
et dypourvue de tout dogmatisme. Monsieur Danzin, notamment, exprima son scepticisme 
sur la validity des modeles lorsqu’on s’approche de situations insoutenables; on voit alors 
apparaitre, remarquait-il, des ryactions d’adaptation de plus en plus rapides et de plus en 
plus impryvisibles. 

j’espere que vous n’etes pas lassys par mon histoire. En fait, nous approchons de sa 
fin. Lc 7 octobre 1972, lc Comity d’organisation, renforcy par la prysence d’eminents 
cconomistes ct d’un representant qualifiy des syndicats, se ryunissait de nouveau, Entre 
temps, avait paru “The limits to growth”, ct I’opinion publique se passionnait pour I’avenir 
du Monde. II etait temps d’arreter les dycisions esscntielles. 

L’unc d’cllcs, mes chers Collegues, ne nous cofltait guere mais vous engageait beaucoup. 
EIlc consislait a ajoutcr au titre les mots “Plan d’Actions pour I’Humanity”, c’cst4-dire h 
exprimer I’cspoir que la Conference, ne se borncrait pas h faire alterncr sur chaque sujet 
les arguments pro ct contra, mais qu’clle s’efforcerait d’amorcer un mouvement public dans 
une direction qui soit prycisc, tout au moins au point de depart. Bien entendu, il ne vous 
sera pas demande de voter des rysolutions, mais si un consensus se degageait pour approuver 
Ic lanccmcnt d’actions immydiates, si I’lnstitut de la Vic faisait (comme il y cst pret je crois!) 
lc neccssairc pour donner a cc consensus la publicity vouluc ou mieux encore pour amorccr 
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des travaux collcctifs, le bouillonnemcot produit contribuerait certainement a vaincre la 
rcdoutablc incrtie du mondc oii nous vivons. 

Les autres d6cisions prises tendaicnt a faire preceder la Conference internationale par 
une serie de reunions restreintcs sur des sujets specialises. Nous n’avions bien entendu aucun 
espoir de couvrir ainsi tous les problemes, puis de les presenter a la Conference et de la 
mettre en demcurc d’adopter un point de vue sur chacun d’eux. Mais il est apparu au 
Comite d’organisation qu’on discuterait avec plus de fruit les questions gendrales si Ton 
avail considcrd jusqu’au bout les difilcultds prdsentees par quelques points particulierement 
brulants ou reprcsentatifs. 

La listc des reunions rcslrcintes fut adoptee le 25 novembre 1972. L’une d’elles n’a pu 
avoir lieu. Elle portait sur un sujct qui paraissait passionnant, celui de la differenciation qui 
accompagne si souvcnt la croissancc, sur cette espece d’instabilite congenitale qui aggrave 
les disparites initialcs cntrc individus ou entre societes. J’espere que Monsieur Philippe 
Huet nous en parlcra tout h I’heurc. 

Les autres reunions rcslrcintes se sont tenues en septembre et octobre 1973, avec les 
sujets suivants: 

“Les formes d’organisation cconomiquc appropriees aux modalites de la croissance”, 
reunion dirigec par Monsieur Malinvaud; 

“Lc rec 3 ’clagc des matiercs premieres”, organisee par Monsieur Guillemin; 

“Les ressourccs cnergdtiques a long terme ct la croissance”, par Monsieur Gibrat; 

“Les cquiiibres biologiqucs en face de la pollution thermique”, par Monsieur Peres; 
Enfm, “La modclisauon des systemes appliquce a la prevision mondiale et ses limites”, 
par Monsieur Davous. 

Vous avez reconnu, avec une extension et sous des litres quelque peu differents, les sujets 
des cinq colloqucs plus larges qui se tiendront aujourd’hui et demain. Les resultats des 
reunions prcccdcntcs y scront bien entendu communiques, 

Conclucz pcut-ctrc de cc long regard en arricre que les proges de la conscience universelle 
sont lenls; rcsscntiel est qu’ils ne soient pas impossibles. La route ou vous avez bien voulu 
vous engager en venant jusqu’ici n’est pas une impasse, ni une voie completement obstruee 
par nos predcccsscurs. Certes, I’lnstitut de la Vie n’est pas seul a jouer sa partie dans ce qui 
devrait elre un concert de bonnes volontds. Mais je le crois conscient des solidarites neces- 
saires et resolu a ne pas durcir les antagonismes eventuels. Ainsi, devrait-il pouvoir compter 
sur notre concours raisonne. 




PROGRES SCIENTIFIQUES ET VALEURS HUMAINES 


P. Auger 

12 rue Emile Faguet, 75014 Paris, France 


Oui, encore un plan d’actfon. Ce n’est pas, bien sur, ni le premier ni le dernier du genre. 
D’ailleurs le litre de la presenle conference indique avec modestie: “Vers un plan 
d’Actions.” 

II ne s’agit done pas de batir une utopie mais de definir les voies par lesquelles nos 
societds humaines pourraient faire mieux en ce qui concerne Texploitation et I’utilisation des 
ressources naturelles et humaines, e’est-a-dire tirer un meilleur parti de la nature qui nous 
entoure et, bien entendu de I’homme lui-meme. 

C’est d’ailleurs sur le cote proprement humain des organisations sociales qu’ont porte 
leur attention les auteurs d’utopies — depuis Thomas Morus — et beaucoup moins sur les 
problemes poses par I’interaction de ces societes avec la Nature. C’est que ces demiers 
problemes n’ont pris toute leur importance que depuis I’apparition de la Science experi- 
mentale, puis de la revolution industrielle et de I’expansion demographique qui en ont 
resulte. 

Les facteurs proprement humains n’ont, bien entendu, pas perdu leur importance et 
deja au cours meme de nos discussions preliminaires il avail et6 remarque que ces facteurs 
peuvent influer de fa?on parfois imprevisible sur le cours des evenements, dans certaines 
circonstances de crise. 

Comme Jean Coulomb I’a indique dans sa presentation, c’est I’idee d’Organisation qui a 
constitue le germe initial des travaux de cette conference, effort d' organisation de Vavenir 
humain pour le progres dans tous les domaines et par la volonte raisonnee de Vkomme. C’est 
en cela que je me suis permis de parler d’utopie, car I’esp^rance de jours meilleurs par la 
realisation d’une utopie differe profondement des esp6rances messianiques ou millenaristes 
qui se fondaient sur des interventions sumaturelles ou sur des fantaisies plus ou moins 
cycliques du destin. Les anciennes utopies etaient etablies en tenant compte des conditions 
d’existence de rhomme a leur epoque, et ne prevoyaient pas les grands changements a 
venir. Ceux-ci au contraire etaient escomptes par les anticipations comme celles de H. G. 
Wells, un peu oublie, mais dont le roman “Quand le Dormeur s’eveillera” m’est revenu en 
memoire en visitant I’aeroport Charles de Gaulle avec ses passerelles aeriennes a tapis 
roulant. Wells a aussi prevu les videocassettes et les automates. Et meme les compagnies 
multinationales ! 

Mais revenons au plan d’actions et a revolution des organisations humaines dans leur 
interaction avec les phenomenes naturels. C’est ainsi que s’est realisee au cours des mille- 
naires revolution de I’humanite, cette evolution venant en quelque sorte prendre le relai de 
revolution des etres organises, des animaux en particulier. C’est ce qu’ont bien send divers 
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penseurs, comme Jacques Rueff et aussi Julian Huxley, Tun du point de vue humain, Tautre 
en biolgie. J’ai moi-m6me developpe ce point de vue dans “L’Homme microscopique”. 

Pourtant un examen plus approfondi de cette id^e peut faire mieux comprendre le sens 
des efforts actuels. Dans la selection darwinienne des organismes vivants, la seule sanction 
du succes est la survie de I’individu et de sa post^rit^. La sanction de I’insuccSs est la mort 
de Pindividu et I’extinction de son espke. Ce type de selection brutale s’est appliqud au 
cours de Thistoire k bien des conflits entre groupes humains, tribus, cit6s, nations. Mais dfes 
que la transmission d’inforraations d’homme d homme a pris de Timportance, on ne peut 
plus comparer simplement la structure traditionnelle des groupes a I’ADN des cellules, car 
certains caracteres sont transmis lors des conflits et des contacts passant d’un stock heredi- 
taire dans un autre. C’est E une des raisons de la rapidite de revolution des societes humaines 
par rapport a celles des animaux. 

Que serait-il arrive si le Moyen Age avait consist^ dans la destruction pure et simple, 
darwinienne, des civilisations greco-romaines par les barbares ? 

Peut-§tre devrais-je signaler en passant que certaines bacteries semblent bien r^ussir a 
accelerer leur processus d’evolution par ce meme dispositif, lorsque ces bacteries sont 
soumises a Taction d’un antibiotique. Lorsque Tune d’entre elles a mut6 (par Taction du 
hasard et de la ntessite) et a vaincu Tadversit6, elle passe le secret a ses congeneres moins 
heureuses, sous la forme de plasmides, de macromolecules porteuses d’information! 

Mais tout de merae, nous pouvons faire mieux que ces bacteries, et echapper a la selection 
darwinienne parce que revolution des idees de Thomrae n’est pas gouvernee par le hasard 
et la n^cessite, parce que Thomme ne vit pas comme les animaux dans un simple present, 
si programme soit-il, et qu’il se projette constamment dans Tavenir. II se pose des problemes, 
ce qui n’existe nulle part dans la nature en dehors de lui. II fait des projets. II fait des plans 
d’actions. Mais il le fait, a titre individuel, par sa pens6e, et celle-ci doit ensuite etre trans- 
mise a d’autres hommes pour se repandre dans un groupe social. Car il n’y a pas de pensee 
collective, de conscience collective au sens rigoureux du terme. Et les idees qui ont le plus 
de facilite a se repandre dans les groupes sont les id^es simples, historiquement ce sont 
des idees-forces telles que: puissance, independance, honneur et les ideologies en general. 
Entre les groupes humains, s’etablit une selection darwinienne, temperee par Techange des 
idees. 

Peut-etre pouvons-nous apercevoir une etape nouvelle apres cette premiere evasion du 
Darwinisme, a Tinstar des bacteries. 

11 faut que Thomme ne se contente plus de progresser a titons, en quelque sorte, mais 
realise sur le plan des rapports entre groupes sociaux ce qu’il a realise depuis trois siecles 
entre individus, sur le plan de la connaissance scientifique: je veux dire, qu’il prenne son 
destin en mains, consciemment, et en tant qu’espece, Tespece humaine, Thumanite. 

C’est pour faire un pas de plus dans cette direction que TInstitut de la Vie vous a reunis. 



QUEL CHAMP D’ACTIONS? UNE QUESTION POSEE 


Philippe Huet 

Inspecteur General des Finances, Expert du Conseil de VOCDE, 
2 rue Andre Pascal, 75016 Paris, France 


Le seul litre que je puisse invoquer pour m’adresser a votre assemblee est d’y avoir ete 
instamnient invite par I’organisatcur de cette conference, le Professeur Marois, President 
de i’Institut de la Vic. Ceux d’entre vous qui le connaissent savent corabien il est malaise 
de se derober a son invitation pressante. 

A rouverturc d’unc session de travail comme la notre, il est utile de poser des questions, 
tout comme il est normal qu’a Tissue des travaux, les rapports de cloture n’y apportent 
aucune reponse definitive, mais qu’ils posent d’autres questions, plus precises et mieux 
adressees, tra^ant ainsi un veritable programme de recherche et de travail coordonne aux 
hommes de science un moment reunis. 

Or, il est une question qui depuis longtemps me parait importante au point que je 
souhaitais voir un groupe dc travail particulier s’y attaquer en vue de cette conference. II 
s’agit des relations entre la croissance et Tinegahte du sort des hommes et des groupes, des 
collectivites, des nations auxqucllcs ces hommes s’integrent pour y accomph'r leurdest in 
terrestre. 

Les evenements multiples survenus dans le monde au cours de la preparation de cette 
conference n’ont fait d’ailleurs que confirmer i’actualite brulante de ce theme de reflexion, 
tel cet evenement que Ton a baptise tout recemment du nom de crise petroliere, ou cet autre 
evenement mondial de prise de conscience commune que vient d’etre la conference des 
Nations Unies sur la population, reunie a Bucarest en aout. 

La question ainsi posee est helas si ample, si mal definie, elle souleve aussi tant de passions 
qu’il m’est rapidement apparu impossible de Tattaquer, fut-ce dans quelques-uns seulement 
de ses aspects essentiels, avec les ressources indispensables de scientifiques des principales 
disciplines concemees, parvenus a entendre leurs langages divers en vue d’un travail 
commun. Et pourtant, souhaiterions-nous debattre d’un plan d’actions pour Thumanite en 
eludant ce probleme, que les plus demunis, qui sont la majorite sur cette terre, viendraient 
nous en rappeler Turgence avec de plus en plus de violence. 

Certes il serait vain de s’interroger sur les sources de Tinegalite des hommes. Car Tinegalite 
fondamentalement est de la nature meme: inegalite des constitutions biologiques, des 
santes, des dons physiques et mentaux, des aptitudes, des acquis famih'aux, sociaux, des 
conditions climatiques, geographiques, des ressources du sol et du sous-sol; j’en passe. 
En revanche il serait interessant d’etudier les origines de Taspiration a Tegalite, puis de 
Taflirmation de celle-ci comme principe et fin de Torganisation sociale et de la-condition 
humaine. Car il n’en fut pas toujours ainsi, tant s’en faut. Na^' ' 
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furent, et de nos jours encore certaines sont fondees sur des principes autres, de difTcrencia- 
tion fonctionnelle et de hicrarcliie par exemplc. Quant a la reconnaissance, par les grandcs 
collectivites fondatrices ou lidritiercs d’uneciviIisation,d’unedignit6 egale des autres peuples 
rencontres sur la plan^te, il s’agit d’un acquis si recent et si abstrait encore qu’on peut 
douter de son enracinement profond dans les mentalites individucllcs, et a fortiori 
collectives. 

N’y a-t-il done pas lien d’origine entre la philosophie occidentale du progres par la 
science et la technologie, qui a accompagne et stimulc la croissance economique, et la recon- 
naissance d’un droit egal de tous les membres de I’espece humaine a bcncficier de cette 
exploitation intensive des ressources terreslres, qui tend i fonder une nouvellc morale uni- 
verselle? Quel est alors le contenu, de plus cn plus exigeant qu’il convient de donner a 
cette noble aspiration? Egalite des droits, assez ais6ment reconnue mais aussi ais6ment 
depourvue d’effet pratique, dgalite des chances avec ses consequences sur les systemes 
d’education et de formation, mais aussi d’organisation du travail, egalite des situations, 
dont la revendication fonde aujourd’hui tous les systemes se donnant pour but une “equi- 
table repartition des fruits de la croissance”, egalite des pouvoirs enfin, formelle puis reelle, 
principe de Torganisation democratique et des systemes de decision decentralisee, allant 
jusqu’a ce que Ton designe, dans une grande confusion d’ailleurs, du terme ambigu d’auto- 
gestion. Mais, a moins d’admettre qu’il s’agit la d’ideaux inaccessibles, quelles limites faut-il 
assigner a la raise en oeuvre de ces principes pour en assurer I’application effective dans 
nos organisations economiques, sociales, politiques, et singulierement dans I’orgam'sation 
Internationale? 

Si nous passons alors de I’ordre des fins a celui des moyens, d’autres questions se posent, 
qui s’adressent plus precisSment aux scientifiques de diverses disciplines, reunis pour con- 
ferer au sein de cette assemblee, L’ essentiel est de savoir si la croissance economique, tenue 
longtemps, et aujourd’hui encore sans doute, comme I’instrument d’un progres continu, et 
qui a fait naitre I’espoir de I’abondance universelle, sinon du bonheur individuel, n’engendre 
pas des disparites accrues, inseparables du developpement meme. Peut-on d^finir et mesurer 
ces disparites, en analyser les mecanismes avec assez d’exactitude pour en controler et en 
corriger le jeu par des mesures appropriees? Quelle est I’efficacite reelle et la portee des 
politiques de maitrise de la croissance, jusqu’ici mises en oeuvre afin d’humam'ser celle-ci, 
quel en est le prix eventuel pour I’homme meme, et quelles autres pourraient etre imaginees ? 

Divers champs d’etude, complementaires mais distincts, s’ouvrent ainsi ^ la recherche 
pluridisciplinaire. 

1 — ^Un premier theme pourrait reprendre les problemes multiples de definition et de mesure, 
qui interessent economistes et sociologues, et sur lesquels nous disposons deja ici d’une 
contribution notable du professeur Benard, reprise dans le fascicule mis a la disposition de 
la conference a la suite du colloque dirige par Edmond Malinvaud. Mais nous sommes loin 
encore de posseder un outil satisfaisant et de parler un langage commun: comptes et 
indicateurs, hors le fameux P.N.B., restent incertains, controverses. Que faut-il entendre 
par disparites, et comment aligner les differences sans faire reference a un mod^e unique, 
que Ton impose ainsi implicitement en ideal type a toute evolution ? Bref comment com- 
parer deux mod^es sociaux differents ? L’objectif, ou I’issue fatale, est-il celui d’une civilisa- 
tion mondiale uniforme? En outre, meme dans le cadre d’une coUectivite apparemment 
bien integree, la dimension sociologique des differences de situation commence a peine a 
etre exploree (integration, hierarchie, fonctions de representation, d’intercession, degres 
et niveaux de communication, etc. . . .). Comment faire progresser la prise en compte de ces 
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donni-cs. indispcnj-aWcs a !a nicsurc dcs saiisfaciions ou frustrations profondcs, cprouvccs 
par chncun, ct dc quoi rmalcnicin csi fail cc quc chacun appcllc son bonhcur? 

2— Un dcuxic.-nc theme dc recherche pmirrait ctre centre sur ics disparites socialcs, donl Ics 
incealite''* dc tevenus nc sent eprun aspect compiablc ct pariicl. Lcs eludes dans cc domaine 
sent plus avanc^s. soil quc lcs mccanismes creatcurs dc desequilibres aient fait I’objet 
d‘hypothc.scss!imulantcs. notnmmcni cn matierc dc qualifications humaincs (inicncctuclles 
ou profcssionncllcs), cn fonciion dcs besoins dc Tapparcil dc production cn regime dc 
croissance rapide, cvunmc Ic fail mncistralcmcni rcssorlir Ic profcsscur Tinbergen, dont la 
contribution cdairanic Mir cc theme cst un apport capital a nos travaux, soil quc la coopd- 
raiion. encore timidc mnis pronicttcusc, entre cconomistcs ct sociologucs sur la notion dc 
consommation clargie. ou sur la definition d’indicatcurs sociaux, ouvre la perspective d’unc 
integration d’clcmcnts sociologiqucs (consommaiions dc prestige, dc representation, 
conflit cnitc la recherche dcgaliic ct la consenation dcs hierarchies dc revenus comme 
factcur struciurcl d'infiation. par cxcmplc) dans Ic domaine reserve dcs valcurs cconomiqucs. 

Mais CCS ccaris dc situation ncs dc desequilibres pariicls ou momcntancs, ct qui tendent 
a se consolidcr cn rentes dc rntcic ou dc monopolc par toutes lcs pratiques rcstrictivcs dc 
concurrence ou dc catitanncmcni <lc niaorhc (litres, diplomcs, brevets, marques, par 
cxcmplc), nc consiitucni-ils pa*; ausM Tun dcs motcursdc la croissance. Tun dcs stimulants 
lcs plus cfticaccs dc la produciivitc? Comment dans unc socictc cvolucc corriger, ou attenuer 
CCS ccarts par lcs politiques dc revenus ou dc rdpartiiion, pariiculicrcmcni par la fiscalitc, 
sans cnerver la croissance. sinon mcme cn suscitanl lcs rdactions dc defense ct d’anticipa- 
lion dcs mieux places, alimenter unc inflation gcncratricc dc nouvcllcs inegalitds? 

En outre Ic probleme pose, qui cM apparemment dc mesure cl dc degre dans I’ccart 
tolerable, nc changc*i*il pas dc nature dcs lors quc Tobservation plus attentive dccclc unc 
frangc croissantc dc nonqvirticipanis. d'inadaptes, il’cxclus comme on lcs a nommes, que 
la socicte industrlcllc ct urbainc scmblc sccrctcr comme I’ccumc dc sa croissance? Lcs 
mcsurcs cconomiqucs dc rattraparc, ou fmancicrcsdc compensation cl dc iransfcrt, sont 
alors waincs, car c’csi unc reinsertion ou unc insertion dans Ic corps social qu'il faut rcussir 
par elimination dcs causes dc rejet ou d'abandon. Plus Ic progres ct Ic changement qu’il 
entrainc sont rapidcs, plus s’accroii Ic nombre dc ceux qu’un handicap quclconquc rend 
incapablcs dc suivre Ic ryihmc ci dc s'adapicr, ct qui perdent pied. Si ccs minorites, pour 
qui la croissance cst arncrement negative, nc peuvent sc fairc entendre, dies deviennent 
rapidcmcnl sources dc trouble ct dc violence, suscitanl I’incomprchcnsion ct la reaction 
repressive d'unc majoritc portcc, fiii-cc a dcs rythmes inegaux, par Ic flux dcs dcrivees du 
P.N.B. 

3— Un troisieme theme d'etude, fort instructif pour Panalysc du probleme mondial du 
dcvcioppemcnl rclatif, mais malhcurcuscmcni encore peu exploit^ scicniifiquement, cst 
cclui quc fournisscni lcs disparites r^gionalcs au scin dcs ensembles soumis a unc autorite 
nationale ou federalc commune. Comment ccs disparites naisscnt-clles? Quel cst le mecan- 
isme dc Icur dcvcioppemcnl? Quelle cst Icur relation avee la croissance industrielle? Quel 
role y jouent la fonction “transport”, ou sous un autre angle lcs institutions politiques et 
I’organisation tcrritorialc? 

Lcs politiques dc ddccntralisation ct d’amcnagement du territoire jusqu’ici tentees pour 
corriger CCS tendances ont-cllcs obtenu dc reels succes? Lcs rarcs enquetes serieuses menees 
dans cc domaine a cc jour (au Canada par cxcmplc) cn vue d’dvaluer lcs resultats de politiques 
corrcctriccs conduisent a dcs conclusions ddeevantes, car dies semblent montrer que les 
dforts fails en vue d’aidcr au ddvcloppcmcnt des regions dcshdritces, bdn ' ' ' ment, 
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par des circuits de retour compliquds, surtout aux regions deja prospcrcs, II cst certain 
cependant que les solutions eflicaces trouvdes a ce probicme de disparites rcgionales de 
croissance seraient fort instructives pour I’approche des difficultds, autrement scrieuscs, 
posdes par I’inegalite des ddveloppements nationaux dans le monde, 

4 — Car le quatriemc theme, celui des disparites internationalcs de la croissance, et des 
ecarts grandissants de prospdritd et de richesse qu’elles erdent, indiscutables cn depit des 
incertitudes de mesure ddja exposdes, reste le thdmc fondamcntal des affrontements dans 
le monde contemporain. Les passions qu’il souleve, I’acuitd qu’il attcint par moments font 
d’ailleurs que les ddbats sur I’avenir lointain de I’humanitd, s’ils sont utiles et I’occasion 
parfois d’une prise de conscience dducatrice, restent cependant acaddmiques et sans effet 
pratique apprdciable, comme le ddmontrent a I’dvidcnce les controverses et oppositions 
ddclenchdes ces dernieres semaines a Bucarest. Quel cst le sens d’une moyenne mondiale, 
peut-on meme parler de problemes de rcssources ou de niveau d’existence communs a 
rhumanite dans I’dtat prdsent et prdvisible des situations nationales et rdgionales sur 
notre planete, a fortiori, si Ton considere I’dvolution constatde de ces situations? C’est d’un 
monde en divergence, sinon en voie d’dclatemcnt, qu’il faudrait plutot parler. 

Ces risques et ces inquietudes, qui nous touchent et nous concernent tous, avertis, 
ndgligents, ou inconscients, ne doivent pas dispenser les hommes de science que vous ctes 
de faire en ce domaine un effort redouble d’analyse objective et de comprehension, avec 
I’espoir raisonnable qu’a I’occasion d’une crise plus grave, qui peut etre prochaine, quelques- 
unes des iddes lancdes et des propositions constructives avanedes apres etude rationnelle, 
apparaitront comme des solutions salvatrices. II nous faut encore a ce propos remercier le 
professeur Tinbergen, qui, dans sa contribution au fascicule prepare par le colloque des 
economistes en vue de cette confdrence, ddblaie magistralement le champ de la recherche 
en presentant avec clartd I’essentiel de ce que Ton peut aujourd’hui dnoncer objectivement 
sur ce sujet explosif. Y sont notamment exposes les obstacles de langage a surmonter si 
Ton veut s’entendre entre chercheurs de diverses dcoles, mais d’dgale bonne volonte, pour 
oeuvrer en commun. 

En praticien de la cooperation internationale, je pense, comme notre illustre collegue, 
que le travail d’analyse et de recherche de propositions constructives doit etre centre sur 
la notion de raretd relative et diffdrentielle des facteurs de production (I’homme, le capital, 
la ressource naturelle), raretd dont la disposition exclusive cree une rente, qu’elle soit 
appropriee privativement ou par des collectivites, nationales par exemple. Le changement 
de controle d’une ressource rare peut d’un coup realiser d’enormes transferts internationaux, 
et modifier profonddment les rapports de pouvoir dans le monde, comme I’exemple rdeent 
du pdtrole I’illustre de fagon frappante. De nouveaux problemes d’adaptation sont alors 
erdes, dont nous n’avons pas fini de ddeouvrir I’enchainement complexe. II n’est pas evident 
que, faute de reflexion prdalable et de preparation raisonnee, de tels dvenements, au hasard 
des crises intemationales, n’aboutissent a renforcer les positions relatives de puissance et de 
richesse plutot qu’a corriger les ecarts, 

L’observation des dvenements contemporains doit etre poursuivie froidement, a la maniere 
dont les historiens dtudient le passe, et la lecture instructive doit en etre faite a voix aussi 
haute que possible, si par bonheur un consensus d’hommes de science peut etre degage 
sur I’analyse des faits. Est-ce trop demander aux plus doues des humains que de s’appliquer 
a surmonter leurs divergences naturelles dans I’interet de notre monde agite et divise, et 
de mettre leur prestige au service des actions qui puissent assurer a I’humanitd un progres 
partage, stable et pacifique? 
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Voila quclqucs-uncs dcs questions quc fait surgir cct immense sujet dcs inegalites de la 
croissance, ct qui relcvcnt a mon sens au premier chef ct cn unc instance urgente dc notre 
d(5bat. Chacun, j’en suis convaincu, les avail deja a I’csprit cn abordant le theme plus precis 
dc sa competence. Mais dcs lors quc j’itais inviti a paricr, j’csp5rc quc Ton me pardonnera 
d’avoir ainsi c.vprimc, cn termes imparfaits cl sans aucun doutc critiquabics, les preoccupa- 
tions quc nous ressentons tous aujourd’hui. Jc souhaitc, cn rappelant mon exorde, ainsi 
quc I’a dit noire ami Jean Coulomb avee la foi communicative qu’on lui connait, quc notre 
conference, par les conclusions auxqucllcs cllc pan'icndra ct par le programme d’actions, 
iravaux cl communications qu'clic rccommandcra, jouc sa partic dans cc qui devrait etre 
un concert dc bonnes volontcs h la hauteur dc I’cnjcu dcfini par I’lnstitut dc la Vie. 
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Pour nc pas retarder nos travaux jc me borncrai a appclcr votre attention sur deux 
parlicularitcs dc ccUc conference. D’abord les cinq sujets qui ont fait Pobjet dcs etudes 
prealablcs doni Ic resume vous a etc distribud ct qui ont trail a la science cconomique, 
aux rcssourccs mincralcs, aux rcssourccs cnergtSliques, aux modifications thermiques et a 
la modclisaiion dcs systimes mondiaux, sont dcs aspects particuliers choisis a dessein du 
complexe dc problcmcs que pose la croissance, au laux qu’cllc a attcint aujour’hui dans 
noire mondc modcrnc. Car il s’agit csscnticllcmcnt dc la prdvoir ct dc la controler. C’est 
pourquoi il faul que ccs sujets soient replaces ct discutes dans cc mcme contexte. 

Aussi, la conference a-i-c!lc etc prevue cn deux phases: lundi ct mardi, travail cn cinq 
groupcs sur chacun dcs cinq sujets pour pcrmcltrc aux spdcialistcs de sc concerter 
autanl qu’on peut Ic fairc cn deux jours dc diibats sur la base des etudes preaiables. 
Mcrcrcdi, jcudi ct vendredi matin, dcs assemblies plcnicrcs doivent permettre une con- 
frontation entre CCS speciaiistes ct un efibrt dc synthese sur la base dcs travaux des 
groupcs. Les travaux dcs groupcs comportent dcs communications invitees dont vous 
trouvez la listc dans Ic programme cl bicn entendu dcs debats. Les travaux cn assemblee 
plcnierc comportent un resume dcs communications ct, comme base de la discussion et de 
la confrontation d’cnscmblc, dcs rapports plus gdneraux qui s’appuieront sur les dis- 
cussions des groupcs afin d’en digager les conclusions ct ccci m’amenc a mon second point. 

Lc litre dc cette conference “vers un plan d’actions pour rhumanite” peut paraitre 
un peu ambitieux cl mcme tres ambitieux; il marque I’intcntion dc ses organisaleurs qu’elle 
ne sc borne pas a dcs dibats intircssants pour les spicialistcs, mais qu’elle dibouchc sur des 
conclusions susceptiblcsd’inspircrccux qui ont la charge dcdicider et d’agir.Si nous sommes 
fidclcs a ccltc intention initialc, deux devoirs s’imposcront a nous: le premier cst de tirer les 
conclusions de nos dibats. En second lieu, puisque nous nc reglerons pas en cinq jours tous 
CCS problcmcs, il faui penser h ce que sera la suite dc nos travaux de cette semaine. Car nous 
souhaitons — ct jc pense que les participants h cc congres souhaiterons avee ses organisaleurs 
— qu’ils nc soient pas un point d’aboutissement mais un point de dipart. 
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ALLOCUTION PRONONCEE 


par M. Marois 


Je remercie M. le Professeur E. Wolff, Administrateur du College de France, membre de 
I’Academie frangaise, de I’Academie des Sciences et de FAcademie de Medecine, d’avoir 
bien voulu accepter de prsider ce diner. 

Sa presence ici revet une signification particuliere puisqu’embryologiste, il etudie la 
croissance des les premiers jours de la vie. 

“Qu’a done reve Thomme depuis I’origine des temps, si ce n’est le Paradis terrestre, la 
Terre promise, le Jardin des Hesperides, I’Age d’or, 1’ Arable heureuse, e’est-a-dire sous 
des noms divers I’empire de la nature et I’abondance.” Ainsi s’exprime Guglielmo Ferrero, 
Face a ce reve d’abondance se dresse la perspective de la limite. La poussee humaine de la 
vie sur une planete limitee, tel est le defi qu’affronte ce congres. 

L’homme mille fois fut assailli par la houle. Mille fois il la domina, puisque nous sommes 
ici, vivants, reunis en ce lieu. Nous void de trente-six pays de I’Ouest, de I’Est et du Tiers- 
Monde. Voici que dix, vingt, trente disciplines eebangent leurs informations, confrontent 
leurs methodes, s’enquierent des besoins, conjuguent leurs moyens, concertent leurs projets 
et vont definir un plan d’actions pour rhumanite, un plan d’actions non pour arreter le 
mouvement de la vie mais pour lui donner toutes ses chances d’epanouissement et d’accom- 
plissement. 

Car la vie est mouvement, elle n’est pas lapathie routinide; la vie est conquete inventive, 
elle n’est pas I’insouciance ni I’abandon aveugle qui meneraient au destin tragique. Par son 
demier-ne, I’homme, la vie est intelligence attentive, prise en main de sa propre histoire. 
Vous etes cette intelligence attentive, vous etes la science au service de la vie. 

J’admire cet extraordinaire rassemblement d’intelligences armees des plus hautes con- 
naissances. Vous resistez avec le meme sang-froid aux entrainements collectifs des paniques. 
Vous etes habites par le meme sentiment d’appartenance au regne vivant, a la communaute 
humaine. Vous etes animes du meme desir de comprendre votre temps, du meme souci de 
voir se developper et s’accomplir I’aventure humaine, de la meme volonte d’organiser la 
plande et de leguer a nos descendants un monde propice a la vie. 

Vous rejoignez par tous ces traits I’homme a qui d’abord I’lnstitut de la Vie doit d’avoir 
pu tenir ce congres, le President Ambroise Roux, President de la Compagnie Generale 
d’Electricite. Il est I’un des plus hauts responsables de la vie industrielle frangaise. Son sens 
de la responsabilite personnelle depasse celui de ses propres entreprises pour atteindre a 
I’universel et son champ de vision embrasse les plus vastes horizons. Conscient des change- 
ments bouleversants de la condition humaine, il fut I’un des fondateurs de I’lnstitut de la 
Vie. Il sait avec audace ensemencer I’avenir, ainsi qu’en temoigne le plus recent exemple: 
ce congres, auquel il a apporte une contribution morale et materielle decisive. Souffrez, 
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Monsieur le President, que jc vous exprimc, au nom dc notrc institution commune, nos 
sentiments de profonde gratitude. 

Et c’est I’Institut de la Vie tout entier qui exprime maintenant sa fiertd du haut patronage 
du President de la Rcpublique fran^aise, ses rcmcrciemcnts au ministerc des Affaires 
etrangeres, au ministfere de I’Education, au minist6rc de la Qualitd de la Vie, son ardente 
reconnaissance aux comitds internationaux et frangais d’organisation et k tons les partici- 
pants de cette conference. 

Celle-ci, nous I’espdrons, se rdunira tous les quatre ans et le courant de pensde qu’elle 
cree confluera un jour avec celui des grandes conferences de I’Institut de la Vie “De la 
Physique Theorique k la Biologie”. Nous esp^rons alors attcindre a une vision globale des 
processus d’intdgration en physique, cn biologie et dans les socidtds humaines, vision in- 
spirde, proposdeparle Chancelier Jacques Rueff, aux ambitions supremes de notre institution. 

Car rinstitut de la Vie nourrit d’ardentes ambitions. II ne s’occupe pas seulement de la 
vie mais des vivants. II suscite des fondations, engage des actions permanentes pour prevenir 
les handicaps physiques et mentaux, pour lutter contre le fleau parasitaire si redoutable dans 
les pays en voie de ddveloppement, pour amdliorer les conditions de vie dans les villes, pour 
mesurer le retentissement sur la vie de I’homme et des socidtds, des progres scientifiques 
et techniques tels I’ordinateur, bref pour diminuer le poids de la souffrance humaine ou 
reduire les contraintes et pour repondre i I’appel de leurs reves irrdpressibles. 

Ces reves, il les illustre et leur donne un visage par les prix qu’il a crdds: 5 prix de 
250 000 Frs a 300 000 Frs chacun, distinguant des hommcs qui ont bien m6rit6 de la 
vie soit pour I’avoir defendue soit pour I’avoir illustr^e. Cinq themes ont ete choisis: 
la valeur de la vie, I’environnement, I’environnement urbain, I’education, I’esperance 
humaine. 

Nous refusons le pessimisme radical invitant a brOler I’instant au brasier de I’ultime fete 
et notre esperance n’est pas utopie. 

Un monde meurt, un autre nalt. Meme si nous sommes attentifs aux signes du declin, 
nous le sommes plus encore a ceux de la naissance et du renouveau. Nous sommes plus 
sensibles aux palpitations de I’aube qu’aux derniers feux du crepuscule. 

Certes, le defi est immense que lance le siecle. Et le vertige pent saisir les plus lucides. 

Mais, au sein de I’lnstitut de la Vie, il renforce ceux qui ont pris la mesure de I’homme 
pour avoir pris la mesure de I’histoire de la vie, histoire forgee par 30 millions de siecles 
et que 60 millions de siecles appellent. Eduques par cette fabuleuse histoire, ils savent la 
volonte d’etre, I’opiniatrete, les ressources de la vie et ils misent sur la force de I’esprit 
pour conjurer ce que la faiblesse et le sentiment de la mort appellent la fatalite ou le destin 
tragique. 

Une volonte de comprendre, de prevoir et d’agir, sous-tendue par I’admiration et I’amour 
de la vie, anime I’lnstitut de la Vie pour les plus grands accomplissements de I’homme. 



ALLOCUTION PRONONCfiE 


par ETiHN'Nn Wolff 

dc !' Academic fran^aisc ct dc VAcad6mic dcs Sciences 


Lc president dc Tlnstitut dc la Vic, mon ami Maurice Marois, m'a demande dc vous dire 
quclqucs mots sur la croissancc. 

En ma qualitc dc biolociistc ct d’cmbrj'ologistc, jc nc peux dvoquer que dcs phdnomcncs 
dc croissancc chez Ics animaux. Mais, comme toutc science humainc cherchc dcs 
modclcs dans Ics sciences dc la nature, pcut-clrc la coniparaison avee I’ontogcncsc dcs 
animaux a-t-cllc un certain intdret pour vous. Cest h cc sujet que j’aimcrais vous livrer 
quclqucs reflexions, non pas dans un rapport documentd — vous en avez bcaucoup 
entendus, mais ii batons rompus, comme il sied a la fm d'un repas d’unc fin dc congrds. 

Cc qui caractcrisc la croissancc dc la pluparl dcs organismes vivants, e’est qu’cllc tend 
vers unc limitc, Ellc commence dcs Ics jcuncs stadcs du dcvcioppcmcnt cmbrj'onnairc, die 
sc poursuit apres la naissance jusqu’i la malurilc, puis die s’arrctc. 11 en cst ainsi dc la 
croissancc gcndralc du corps, non dc la croissancc dc certains organcs ct tissus: I’hypcr- 
trophic dc la prostate, I'dpaississcmcnt dcs os, I’obcsitd, e'est-a-dire la proliferation dc tissu 
adipeux, la poussec dcs clicvcux, dcs onglcs, nous en donnent dc bons cxcmplcs. Mais en 
moyenne la croissancc s’arrclc a la maturitd. C’cst lc stadc ou I’anabolismc ct lc catabolisme 
s’cquilibrcnt, comme disent Ics physiologistcs, e’est-a-dire ou I’assimilation compense a peu 
pres la d6sassimiIation. 

Pourquoi la croissancc s'arrctc-t-cllc ? Td cst lc grand problcmc. Pourquoi s’arrcte-l-dle 
mcme dans un organisme bicn nourri, soumis a dcs conditions optimum dc milieu? Bien 
que lc problcmc nc soil pas encore r^solu, certains rcnscigncmcnts prccicux nous sont 
donnes par la culture dcs tissus in vitro, 

L'arrct dc la croissancc n’est pas du aux cellules qui composent un organisme. SI Ton 
met en culture dcs cellules d’un organc quclconquc, dies peuvent sc multiplier indefiniment, 
sans limitc d’cspacc ct dc durde. Vous savez i quels calculs un peu pucrils on se livre parfois 
dans ccrtaincs publications; si Ton donnait a ccrtaincs cellules tcllcs que Ics fibroblastes 
toutes Ics possibilites dc proliferation, en quclqucs mois, dies envahiraient lc monde! Si 
au contrairc nous cultivons dcs organcs cmbryonnaircs, tcls un tibia, un estomac, un 
pancreas, comme nous I’avons fait dans mon laboratoirc, on n’arrive jamais h lc faire 
croitre plus dc quclqucs jours, au plus unc ou deux scmaincs. Dans un ensemble organise, 
dcs interactions inhibitriccs sc manifestent, qui reglcnt ct coordonnent la croissancc dcs 
differents tissus. Ainsi se constituent dcs organcs bien proportionnes, dont la croissancc 
cst limitcc dans lc temps ct dans I’cspace. II cxiste done entre Ics tissus d’un organc dcs 
factcurs rcgulatcurs, inhibiteurs ct coordinatcurs. 

Unc chose tres rcmarquable cst que cettc inhibition n’existc pas pour certains organes 
ou tissus canedreux, que nous avons pu cultivcr pendant dc longues ann^es, sans qu’ils 
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perdent ni leur pouvoir de proliferation ni nn certain degre d’organisation. Ainsi nous 
cultivons et multiplions des cancers du tube digestif depuis respectivement 1, 2, 10 et 13 
ans, alors que les sujets dont ils proviennent sont morts depuis ces memes durees. Nous 
voyons done se reveler en culture in vitro les memes caracteres que le cancer manifeste in 
vivo: I’absence de controle d’un tissu par un autre ou par les autres parties de Torganisme, 

Y a-t-il, malgre la regie gen6rale, des organismes a croissance illimitee? II y a ceux qui 
n’ont pas une forme specifique bien definie, ceux qui possedent la faculte de bourgeonner: 
plantes a stolons et a propagules, animaux bourgeonnants, comme les eponges, les hydraires, 
les coralliaires, les bryozoaires. Ce sont des organismes qui n’ont pas de limites rigoureuses, 
qui en quelque sorte debordent vers I’exterieur. 

On considere aussi comme des organismes a croissance indefinie, mais non illimitee, 
certains poissons plats comme la Sole, la Plie, qui continuent a croitre toute leur vie, avec 
cependant un ralentissement vers la 12eme ann6e. Mais on n’a encore jamais vu de plie de 
la taille d’une baleine, ce qui prouve qu’elle subit quand meme certaines inhibitions, ou 
qu’elle ne vit pas assez longtemps pour atteindre de telles dimensions. 

En general, une espece a une forme et une taille specifiques. C’est dire qu’elle ne pent 
depasser certaines dimensions. Mais celles-ci varient entre des limites, qu’on peut plus ou 
moins modifier. Chacun sait que la taille moyenne des Japonais a beaucoup augmente au 
cours des dernieres decennies, de mSme que la taille des consents franfais depuis le debut 
du siecle. Ceci est vrai de la population de presque tons les pays “developpes”. Plusieurs 
facteurs interviennent dans les potentialites de croissance d’une espece. 

— II y a d’abord le patrimoine g6netique, qui est une constante stable, sauf dans 
I’eventualit^ de mutations. II impose a priori certaines limites a la croissance. 

— II y a en outre les facteurs externes, qui permettent, a I’interieur des limites specifiques, 
de realiser le potentiel optimum. 

Parmi eux, le facteur primordial est I’alimentation. Un autre, non moins important, est 
I’intervention d’hormones, telles I’hypophyse, qui joue un role considerable. On connait par 
exemple une race de souris naines, dont le poids habituel ne depasse pas 5 g. Ces souris 
possedent un gene dont I’effet est d’empecher la synthese de I’hormone de croissance par 
I’hypophyse. II suffit de leur administrer chaque jour une certaine quantite d’hormone de 
croissance pour qu’en quelques mois leur poids augmente dans la proportion de 1 a 10, 
done atteigne 50 g. 

Sans vouloir entrer dans des considerations math6matiques, qui ne seraient pas de raise 
ici, je voudrais signaler que le rythme de croissance de I’organisme total n’est pas le meme 
que celui de ses parties. Mais il existe entre la croissance totale et la croissance de chacun 
des organes un rapport constant qui s’exprime par une courbe exponentielle. C’est la loi 
de Tallometrie qui a ete demontree par Huxley, d’Arcy Thompson en Grande-Bretagne, 
en France par Georges Teissier. Elle exprime que la croissance de chaque organe n’est pas 
quclconquc et aleatoirc, par rapport a celle de Torganisme entier. Elle suit une loi bien 
definie. Un changement de pente de la courbe (droite d’allometrie) permet de soupgonner 
qu’un nouveau phenomene metabolique est intervenu; ainsi ont et6 d^couvertes ou pressen- 
tics certaines hormones, par exemple la glande androgene des Crustac6s par Madame 
Charniaux-Cotton. 

Un exemple tres caraetdristique de la loi d’allom6trie est revolution du rapport entre la 
longueur de la tetc et cclle du corps de I’etre humain. Toutes proportions gardees, le b6b6 
a une tres grosse tetc par rapport au corps; chez I’adulte, elle est relativemcnt beaucoup 
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plus petite. C’est que la tete est la partie de I’organisme qui se developpe le plus tot chez 
I’embryon, Elle est tres en avance sur le corps. Celui-ci ne rattrape son retard qu’a Vkge 
adulte. Ainsi la longueur de la tete est la moitie de celle du corps, chez I’embryon de 2 mois, 
le rapport est encore de J h la naissance, il est de ^ a I’age de 20 ans. Entre la tete et le 
corps existe une loi d’allometrie qui permet d’exprimer et de prevoir leurs dimensions 
respectives pendant toute la croissance. 

Je voudrais, pour terminer, evoquer im autre aspect de la croissance: c’est la croissance 
dcs especes au cours des hges, le developpement paleontologique. Certains animaux ont 
parcouru une evolution dont on pent dire, a titre retrospectif, qu’elle etait orientee. II y 
a une continuite de variation de plusieurs organes, et aussi de la taille de I’animal: ainsi 
dans la lignee du cheval, il y a une variation continue, dans un sens determine, dcs pattes, 
des dents, des dimensions du corps et de bien d’autres caracteres. L’ancetre du cheval, 
Hyracotherium ou Eohippus, avait la taille d’un renard. On pent parler d’orthogenese, 
en ce sens qu’on a Timpression, qui n’est pas une illusion, que tous les caracteres ont 
converge vers le type du cheval actuel. On pent dire de lui, bien que ce soit un anthropo- 
morphisrae, qu’il a realise la perfection du type caballin, 

Il est beaucoup de lignees qui sont atteintes de gigantisme: les grands Reptiles du Secon- 
daire, beaucoup de Mammiferes du Tertiaire, qui ont atteint des dimensions enormes. Il ne 
restc plus beaucoup de ces animaux ultra-geants. La plupart des especes se sont eteintes. 
Et la question se pose: pourquoi? On peut invoquer la rarefaction de la nourriture pour 
des animaux dont les besoins sont enormes, ou, ce qui revient au meme, la concurrence pour 
I’aliment entre individus devenus trop nombreux, mais aussi I’apparition de conditions 
d^favorables de milieu pour des betes tres sensibles k toute variation de climat, ou, qui sait, 
quelque pollution prehistorique! 

L’influence de I’homme est actuellement tres defavorable a certaines especes, dont il 
provoque ou accelere la disparition. Prenons I’exemple des Cetaces, au nombre desquels 
on trouve les plus grands Mammiferes actuels. Certains ont des dents, tels les Dauphins, les 
Cachalots; ils se nourrissent de grandes proies, en particulier de grands Poissons, qui 
peuvent venir a se rarefier ou a manquer. D’autres, tels les Baleines, ont des fanons qui 
filtrent I’eau de mer; elles se nourrissent de tres petits animaux ou vegetaux qui constituent 
le plancton; cette raicro-faune pullule dans toutes les mers et sous toutes les latitudes. II est 
inconcevable que le plancton, a moins d’une disparition de toute vie sur le globe, puisse 
venir a manquer. La baleine est un des animaux les mieux adaptes, malgre son gigantisme, 
a trouver sa nourriture. C’est probablement a cause de cette adaptation qu’elie a pu 
atteindre des dimensions si enormes. Il y a aussi la securite qu’elle trouve dans les mers 
ou elle n’a pour ainsi dire pas d’ennemis parmi les grands animaux. On peut done etre 
assure que, si elle vient a s’eteindre, ce ne sera pas faute d’aliment, mais a cause de la chasse 
effrenee que lui donne I’homme. Le gigantisme n’est pas en lui-meme une cause de disparition. 
La croissance demesuree de ces especes n’est done pas necessairement defavorable a leur 
survie. Les causes de la disparition des especes geantes sont multiples. On ne peut s’empecher 
de penser que, si les baleines avaient la taille de poissons ordinaires ou de petits Mammiferes, 
elles n’offriraient pas a I’homme de cibles aussi faciles. On voit la complexite des ph^no- 
menes, Les grandes especes marines ont d’abord trouve dans les Oceans un milieu favorable 
a leur croissance et h leur survie. Avec I’apparition de I’Homme, elles n’ont plus aucune 
securite. C’est sur la complexite des phenomenes de croissance evolutive, sur I’interaction des 
facteurs hereditaires et des facteurs externes, sur les reactions en chaines qui se produisent 
dans le monde vivant sous I’influence du milieu que je voulais attirer votre attention. 
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INTRODUCTION 


M. Abramovitz 

Stan ford University, Department of Economics, Stanford 94305, U.S.A. 


I cal! this first plenary meeting of the Congress to order. My name is Moses Abramovitz 
and I am to be your chairman for this morning. As you know, this is the meeting at which the 
group of economists in the Congress arc going to present such views as they have been able 
to put together about our problems. We economists often have our attention fixed on much 
more commonplace questions than this Congress raises, but during the last few days we 
have been doing our best to consider the problems raised by economic growth, looking as 
best as we can at the very long-term future. We have considered theproblems raised by pos- 
sible shortages of materials or energy or environmental pollution. V/e have tried to consider 
these matters in terms of the difiicultics or problems that would be raised for poor as well 
as rich countries; for the poor in the rich countries as well as those in poor countries. We 
have tried to consider problems raised by a slowdown in the growlh of popularion or in 
output per capita as well as questions raised by continued rapid economic growth. 

Needless to say, we found that we had certain difierences of opinion. At the same time we 
also found a very considerable measure of agreement in the way in which we approached 
these questions. And in these circumstances we have asked Prof. Eornond 2vialinvaud. who 
is on my left, to make a general statement concerning the problems oi long-term economic 
growth and the possible ways of dealing w ith them as we see them, he is now going to try 
ir. .t-- -r Tf Jc mV after the comnlstioTi nf his; 


to express the consensus of our opinion. It is then my plan, ajter the completion oi his 





RAPPORT 


E. Malinvaud 

Dircctcur dc la Prevision, Ministere de I'Economie ei des Finances, 
6 avenue de VOpera, 75001 Paris, France 


Abstract. Forecasts as to fong-term economic growth must be considered before the preparation 
of programmes is discussed. 

I 

The recent debates as to the future of economic growth all too often neglect the scientific work that 
has been done by economists for explaining past growth; even though it is not very conclusive, 
this work has direct significance for the debates. The idea of limits to growth is not new. Fears 
expressed in the past all turned out so far to be unjustified because substitutions and technical 
progress occurred. Economists arc very dependent on other scientists for information concerning 
the physical limits to growth. Unfortunately the available information reveals wide uncertainties as 
to the existence of global limits that would matter before long. We realize that the equilibrium 
between population growth and the progress of food production remains the crucial issue. The 
risk exists that the rapid growlii of the past two centuries will soon now reach a turning point because 
of increased scarcities. Should difficulties appear because of the occurrence of this risk, they will 
mainly concern some particular regions of the world. 

II 

When economists approach the study of programmes, they proceed to two types of analysis, 
the first one considering only physical constraints, the second one taking also sociological and 
institutional constraints into account. Models arc oHcn used, but they must correctly represent the 
constraints and aim at objectives correctly representing social choices. For planning future 
growth difficult equity considerations must be faced: between the main regions of the world, 
between present and future generations. Since uncertainties arc huge, most economists tend to favor 
a cautious policy that would pay particular attention to scarce resources and environment. But 
such a policy docs not require that the growth of aggregate production be stopped. Two types of 
instruments may be used for the control of economic growth— direct quantitative controls and 
actions on the price system. Modern economists arc not dogmatic in the choice between the two; 
they know however, that non-economists arc often mistaken in relying too confidently on quantita- 
tive controls and in their distrust of actions through prices. 

Since scarcities arc alarming, mainly for some regions of the Third World, the best policy may 
be to promote economic development in these regions; this will not be easy if economic growth is 
greatly slowed down in the richest countries. 


Cost un honneur pour moi que d’etre le premier h vous rendre compte en seance pleniere 
des travaux de nos groupes specialises. Mais e’est aussi une tache difficile, car il est delicat 
pour tout savant de presenter a une vaste audience ce que sa discipline peut apporter pour 
la solution de problemes complexes qui ne relevent pas uniquement de cette discipline. Plus 
que mon expose, la discussion qui suivra devrait permettre une meilleure comprehension 
mutuelle entre les economistes et leurs collegues d’autres sciences. 

Je ne cacherai pas en commen 9 ant I’existence de divergences d’opinions entre les econo- 
mistes. J’espere que les exposes de mes collegues et la discussion feront apparaitre I’origine 
de ces divergences: elles ne concerneront pas les methodes d’analyse, mais les preferences 
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ou jugcmcnts clc valcur quc chacun dc nous formulc quant aux divcrscs strategics grace 
auxqucllcs nous pouvons fairc face aux problimcs qui nous confrontent. Mon exposd dc 
synthesc vise a presenter I’cnscmblc dcs conclusions sur Icsqiicllcs un accord cxistc entre 
nous, quoique dcs divergences subsistent quant a I’acccnt a attribucr a telle ou telle con- 
siddration. 

Tons Ics cconomistcs presents ici sont d’accord sur rutilite dc la presente reunion, D’unc 
part Ics problcmcs dcsqucls nous avons a debattre sont d’unc telle importance pour I’avcnir 
de riiumanitc qu’ils interdisent aux savants dc rcstcr cn repos; d’autre part, trop peu 
d’occasions tcllcs quc ccllc-ci nous sont ofTcrtcs pour confrontcr cc quc Ics spdcialistcs dcs 
difFcrcntes sciences ont a dire vis-a-vis dc problcmcs qui Ics conccrncnt toutes simultand- 
ment. 

Pour vous presenter notre message, jc vais adopter un plan cn deux parties. Jc parlerai 
d’abord du diagnostic quc nous portons sur la situation presente ct dcs previsions quc 
nous pouvons formulcr quant a la croissance cconomiquc. J’cxposcrai ensuite brievement 
comment nous concevons la preparation dc programmes d’action. 

1. OU VA LA CROISSANCE ECONOMIQUE? 

1. Nous devons d’abord fairc remarquer quc Ics debats actuals negligent souvent de sc 
pencher sur revolution passdc, comme s’il n’y avait ricn a apprendre dc I’etudc objective 
de I’histoire iconomique. Quelle aberration quc dc croirc pouvoir bicn planificr I’avenir 
sans avoir pr^alablement fait tous Ics efforts possibles pour comprendre Ic passd! 

Dans les textesque nous avons soumis<^\ nous avons tente dc montrer quc dcs cconomistcs 
consacrent toutes leurs recherclies a la comprehension dc la croissance que Ic monde a 
connue jusqu’a ce jour. Nous voudrions vous convaincrc quc cct effort n’est pas totalement 
vain. 

Toutefois, je dois dire immediatement, et e’est un theme qui reviendra souvent par la 
suite, que notre comprehension reste tres incomplete; nous sommes tres incertains pour 
prevoir certains facteurs fondamentaux qui determineront Ic rythmc de la croissance future. 
Des I’abord, la prevision a long terme s’avere comme cxtremcment alcatoire. 

2. L’idee de limites i la croissance n’est pas nouvclle. Elle a ete avancee de fa?on repetce 

a de nombreuses reprises depuis le debut du siecle. De fagon repetee, les previsions 

pessimistes qui furent alors proferees se sont revelees inexactes. Ce n’est evidemment pas 
une preuve que les previsions pessimistes actuellement formulees n’aient pas a etre prises 
en compte; j’y reviendrai. Mais ceci peut donner matiere a reflexion. 

Parmi les raisons expliquant les erreurs passees figure une tendance a sous-estimer les 
facultes d’adaptation de nos activites economiques. Ces adaptations se realisent par ce 
que nous, economistes, appelons d’une maniere generale les substitutions et qui couvrent 
la transformation des modes de consommation, le remplacement d’une matiere premiere 
par une autre, la decouverte de nouveaux modes de fabrication qui permettent de se passer 
de certains facteurs de production devenus rares, etc. 

Si nous voulons prevoir au mieux la croissance future nous n’avons aucune raison de 
supposer que ces possibilites de substitution vont disparaitre du jour au lendemain. Si 
nous voulons organiser au mieux cette croissance, nous devons veiller a favoriser ces 
substitutions partout ou elles apparaissent souhaitables. 

3 . N ous interrogeant plus directement sur les limitations qui feront obstacles au developpe- 
ment du monde, nous, economistes, sommes tres dependants de ce que nous pouvons 
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apprcndre des autres savants; nous n’avons aucune competence qui nous permette de 
juger du bien-fondc de provisions faites par les experts en energie, matieres minerales, etc. 

En fait, nous souhaitcrions rccevoir des informations qui, obtenant I’accord de tous les 
specialistcs de chaquc branchc, fasscnt apparaitre les disponibilitOs physiques en ressources 
des diverses categories, I’impact des progrOs techniques futurs, revolution de la population, 
etc. Nous rechcrchons ces informations ct sommes parfois dans la perplexite, tantot en 
face de la diversitO des opinions cxprimecs, tantot h cause de la difficulte a traduire certains 
faits ponctucls en un phenomOne d’importance globale. Nous esperons que cette conference 
va nous permettre d’y voir plus clair. 

Prenant en comptc les informations a notre disposition, nous avons le sentiment de nous 
ctre mal exprimOs dans la declaration de synthese figurant au debut de I’ouvrage prepare 
pour ce congr^s.f** A la relecturc, cette declaration, qui rcconnait claireraent les incertitudes 
de la situation, nous fait craindre cependant que vous nous consideriez comme ayant, 
vis-a-vis des obstacles possibles h la croissance, une altitude au total optimiste, 

Que cette impression puisse sc degager provient peut-etre de ce que nous avons reagi 
trop vivement a des affirmations pdrcmptoircs qui, presentant les obstacles comme certains, 
exagdraient Icur importance, Mais ccci rcsultc aussi de deux lacunes sur lesquelles je dois 
m’expliqucr. 

4. En premier lieu nous nous sommes exprimes h partir des informations qui etaient a 
notre disposition Pan dernier ct cn pensant surtout aux reserves en energie et en matieres 
premieres minerales au sens strict; ces informations ne semblaient pas justifier un pessi- 
misme systdmatique. Depuis, certains d’entre nous ont rdvisc leur jugement. Ils pensent ^ 
des previsions faites recemment quant au desdquilibre entre la croissance de la population 
et celle de la production alimcntaire; ils sont inquiets a prendre connaissance des difficultes 
sur lesquelles certains biologistcs ct ccologistes attirent I’attention ct qui compromettraient 
la possibilitd de progres rapidcs de la production agricole. 

On pent d’aillcurs regretter, soit dit cn passant, que, dans cette conference, les questions 
de population et d’alimentation ne soient pas aborddes de fa 9 on beaucoup plus systema- 
tique; car dies risquent d’etre au centre des ddbats. 

De plus nous avons poursuivi notre rdfiexion et il nous est apparu que, pour certains des 
obstacles envisages, les adaptations de notre croissance economique seraient dilficiles a 
realiser. Nous concevons asscz facilement comment les substitutions entre matieres premie- 
res s’opdreront de maniere plus ou moins spontanee et plus ou moins reguliere. Mais nous 
avons pris conscience de ce que ni les comportements ddcisionnels, ni les institutions actuelles 
ne nous donnaient beaucoup de garantie pour freiner le developpement de certains effets 
nuisibles qui ne se conerdtisent pas par la disparition immediate de biens appropriables, 
tels que les ressources minerales, mais qui jouent a long terrae et parfois uniquement a 
rdchelle de la planete, 

5. Ainsi, s’agissant de I’utilisation des ressources de la planete, nous ne voudrions pas 
afiirmer que les prochaines decennies sc situeront dans la continuite du siecle passe au 
cours duquel les raretes eurent tendance a se rdduire ou tout au moins a ne pas s’accuser: 
ni les ressources minerales ni la terre n’ont manque depuis 100 ans. 

II est possible, il est meme probable, qu’un tournant a ete pris et que les raretes vont 
croitre, Le feront-elles d’une maniere qui, envisagee sur la longue periode, exercera des 
effets lents et tout k fait compatibles avec la poursuite d’une bonne croissance ? Joueront- 
elles au contraire de maniere accdldrde en imposant un freinage dnergique de cette croissance ? 
Il nous faut rcconnaitre ensemble ici que personne ne pent trancher ces questions, mais 
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que nous devons les garder prdsentes ^ I’esprit dans nos recherchcs ct que nous devons 
concevoir nos recommandations comme concernant un monde sujet a d’cnormes incerti- 
tudes. 

6. La seconde lacune de notrc texte tient h ce que, suivant cn cela bien d’autres travaux, 
nous y considerons le monde comme un tout. En fait, avcc les divisions politiques actuelles, 
la rdpartition tres indgale des ressources et dcs hommes cntre les pays, I’dtendue tres 
limitde de la coopdration Internationale, une catastrophe plandtaire de I’humanitd se 
heurtant a des barridres physiques cst une image peu rdaliste. Si elles doivent se produire, 
les difRcultds se localiseront, et dans des rdgions du monde que nous pouvons d’ores et 
ddja identifier, tout au moins pour la plupart des obstacles auxquels on pense aujourd’hui. 

Cette dimension rdgionale a de I’importance pour deux raisons: elle pent beaucoup 
affecter les repercussions politico-sociales des difficultds dventuelles; elle suggere que le 
meilleur plan d’action ne doit pas ndcessaircment comporter un ensemble de mesures a 
appliquer de maniere uniforme travers le monde, mais pent aussi avoir a etre ddcompose 
en plusieurs plans tres specifiques et de natures trds varides, s’appliquant aux diverses 
rdgions du monde. 


II. CONCEVOIR UN PROGRAMME D’ACTION 

Parlant pour I’ensemble de mes collegues economistes, je ne vais certes pas vous offrir un 
programme; mais je voudrais faire apparaitre comment nous pouvons contribuer a la 
recherche d’un tel programme. 

Quand ils traitent du choix de programmes, les economistes ont I’habitude de se situer 
alternativement a deux niveaux. Tantdt ils imaginent avoir vis-a-vis de la collectivitd une 
libertd d’action limitde uniquement par des contraintes physiques; ni les institutions ni la 
structure sociale n’imposeraient alors de contraintes suppldmentaires. Tantot ils prennent en 
consideration, du mieux possible, I’ensemble de toutes les contraintes qui effectivement 
limitent les choix. 

Le premier niveau d’analyse apparait utile parce qu’il permet de classer les questions et 
done de les clarifier. On peut aussi entretenir I’espoir que degager un programme qui soit 
le meilleur parmi ceux compatibles avec les contraintes physiques exercera un impact sur 
la conscience collective et influencera la transformation des institutions et des structures 
sociales de maniere a ce qu’elles s’adaptent aux exigences du futur. 

Quoiqu’il en soit, je vais me placer successivement a ces deux niveaux et faire d’abord 
comme si seules les contraintes physiques s’imposaient au ddveloppement dconomique du 
monde. 


A. Le choix a I’intdrieur des contraintes physiques 

1. Une methode pour la recherche d’un programme peut certes consister dans la con- 
struction d’un modele qui represente du mieux possible les contraintes physiques et dans 
1’ exploration de I’ensemble des solutions de ce modele. Nous, economistes, n’avons evidem- 
ment aucune objection a cette demarche. En fait nous I’employons continuellement pour 
etudier les conditions de la croissance dans chacun de nos pays ; cette demarche nous aide 
a clarifier et a quantifier les options, et done a choisir entre elles. 
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Neanmoins nous devons bien etre conscients de ce que construire un modHe ne suffit 
pas, cela pour au moins trois raisons: 

— En premier lieu, et je rougirais devant vous a faire une telle remarque si elle n’avait 
pas ete negligee dans le passe, il faut que le modele represeute correctement les con- 
traintes, qu’il tienne compte pour cela de tout I’acquis des connaissances scientifiques. 
Dans le cas qui nous interesse, cet acquis n’est pas negligeable; les economistes en 
particulier ont beaucoup travaille pour rechercher comment I’ensemble des contraintes 
physiques pouvait au mieux etre represente au niveau global. 

— En second lieu,rexploration des modeles possibles doitetre guidee pardes principes de 
choix, eux-memes lucidement choisis et clairement explicites. Or pour les questions qui 
nous reunissent ici, ces principes ont beaucoup d’importance; je vais y revenir dans 
une minute. 

— Enfin I’etude d’un modele ne suffit pas, car les decisions a prendre se situent a un 
echelon beaucoup moins global que celui necessairement retenu par le modele; le 
modele global n’est qu’un instrument parmi d’autres tout aussi necessaires et se situant 
a d’autres niveaux, par exemple a celui de telle ou telle ressource particulierement 
importante. 

En somme, il y a bien des questions a regarder de pres avant la construction d’un tel 
modele, ou parallelement a cette construction. Quand on precede a cet examen, on s’aperfoit 
que Ton peut deja bien clarifier certaines questions. 

2. Pour les problemes touchant I’allocation des ressources, les economistes ont depuis 
longtemps I’habitude de distinguer deux preoccupations: celle de I’efficacite et celle de 
I’equit^. Ils cherchent d’une part a proposer une utilisation efficace des ressources, e’est-a- 
dire a privilegier les emplois les plus utiles par rapport a ceux qui le sont moins. Ils cherchent 
aussi a orienter I’activite economique en fonction de certains principes de justice 
distributive. 

Dans le contexte de notre congres nous devons prendre conscience de ce que les con- 
siderations d’equite jouent un role tres important. Elies ne sauraient etre negligees pour les 
decisions courantes prises a I’interieur de chaque pays, et le ralentissement de la croissance 
est susceptible d’y compliquer la reduction des inegalites. Mais surtout ces considerations 
doivent intervenir sur deux plans ou elles sont particulierement difficiles a apprehender: la 
justice dans la repartition des biens entre les regions du monde et Injustice dans la repartition 
des biens entre les generations. 

Je n’ai evidemment pas la possibilite de developper ici ces points, mais je voudrais faire 
valoir leur importance et signaler que les economistes y travaillent. Ils s’interessent a la 
determination des principes de choix; peut-etre d’ailleurs n’ont-ils pas plus de qualification 
pour cela que les philosophes ou tous autres savants; mais Timportance de la question 
les oblige a la regarder de pres. Ils vont meme plus loin que les autres, en ce sens qu’ils 
etudient les consequences de divers principes de choix sur la croissance economique qui 
sera retenue. Or cette etude apprend beaucoup; elle montre que I’intuition induit souvent 
en erreur sur la signification efiective des principes adoptes a priori; elle aide ainsi par une 
demarche dialectique a progressivement mieux comprendre ce que ces principes signifient. 

3. Quittant les question d’equite, je voudrais maintenant consacrer quelques instants 
a I’attitude qui convient vis-a-vis d’une des caracteristiques majeures des problemes qui 
nous reunissent; je veux parler de leur enorme incertitude. Celle-ci intervient pour la 
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plupart des facteurs concernant la croissance dconomiquc future. Elle est si importante 
qu’on ne saurait la negliger, meme cn premiere approximation, 

En face de cette incertitude les attitudes varient; car tous n’attribuent pas les memes 
probabilites aux diverses eventualit^s possibles et surtout les ethiques individuelles different 
quant a la mesure dans laquelle la collectivitd humaine devrait accepter des sacrifices en 
vue de reduire les risques auxquels son developpemcnt futur est sujet. La majorite des 
economistes adopte cependant aujourd’hui la position suivantc. 

II est possible que I’cconomie mondiale voit dans I’avenir s’accuser des raretes de natures 
diverses et qu’ainsi les conditions du developpemcnt subissent une mutation par rapport 
au dernier siecle ecoule au cours duquel, du fait du progres scientifique et technique, les 
raretes ont eu dans I’ensemble tendance a s’att6nuer. Devant cc risque, ils rccommandent 
qu’une politique prudente soit adoptde pour la natalite, I’exploitation des ressources 
naturelles et la preservation de I’environnement. 

Les choix economiques doivent privilegier, plus que par le passe, la qualite de la vie, les 
methodes de production economisant les ressources rares et I’orientation des consom- 
mations vers les services ou les biens peu cofiteux en ressources, 

4. Pour mettre ces principes en application, point n’est besoin de les enserrer dans un 
modele mondial. II faut savoir les appliquer convenablement dans la gestion de chaque 
ressource et plus generalement dans toutes les decisions economiques. 

Nous devons eviter I’erreur qui consisterait a paralyser de fagon desordonnee I’activite 
de production, car ceci imposerait aux hommes, particulierement aux plus pauvres, des 
sacrifices inutiles. On doit noter a ce sujet qu’une politique prudente pour I’exploitation 
de la planete ne signifie pas necessairement qu’il faut s’interdire d’epuiser certaines reserves. 
L’humanite ne peut vivre sans consommer de ressources naturelles; un bon arbitrage entre 
les besoins presents et les besoins futurs peut tres bien consister k utiliser aujourd’hui 
certains reserves pour accroitre la productivite du travail des generations a venir. 


B. Comment agir dans le monde tel qu’il est? 

Les problemes se compliquent considerablement quand on abandonne I’hypothese 
commode d’une liberte d’action qui ne rencontrerait pas d’autres contraintes que celles du 
monde physique. II m’est impossible de donner id meme une idee sommaire de I’ensemble 
des questions qui se posent alors aux economistes. Je me contenterai done d’abord d’examiner 
brievement les instruments grSce auxquels peut se realiser I’adaptation de I’activite 
economique aux conditions changeantes du developpemcnt humain, puis d’attirer votre 
attention sur I’importance d’une prise en compte realiste de la division du monde en grandes 
regions. 

1. II existe deux instruments principaux pour regler effectivement I’utilisation des res- 
sources dans nos societes ; les prix et les controles directs. 

Les economistes ont beaucoup travaille sur le role que jouent les prix et sur le fonction- 
nement des marches; car eux seuls pouvaient le faire, alors que I’etude des controles et de la 
“gestion bureaucratique” interesse tout autant d’autres chercheurs, les sociologues par 
exemple. Mais, contrairement a une opinion repandue, les economistes ne se considerent 
pas comme des propagandistes du systeme des prix. Ils cherchent au contraire a determiner 
comment combiner au mieux les prix et les controles directs; s’ils arrivent souvent a la 
conclusion que le fonctionnement des marches doit jouer un role, e’est a la suite de leurs 
reflexions et non en raison d’une preference dogmatique. 
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Leur attitude est au fond tout a fait semblable a celle qu’aurait chacun d’entre vous s’il 
s’imaginait investi de la responsabilite d’obtenir une reduction de la consommation d’energie 
dans son pays: quels rationnements pourrait-il effectivement mettre en place? Quel role 
attribuerait-il aux relevements de prix? 

Depuis longtemps les economistes ont observe que les variations de prix constituaient 
souvent I’intermediaire le plus efficace pour la realisation des adaptations aux changements 
du contexte, et une reflexion personnelle sur Texeniple de I’energie vous aidera surement a 
comprendre pourquoi il en est ainsi. Mais cet intermediaire n’est pas toujours fiable et les 
“defaillances du systeme des prix” sont au centre de beaucoup de travaux de la science 
economique modeme. En fait nos recherches theoriques les plus abstraites et les plus appro- 
fondies ne visent pas, comme on le croit souvent, a la construction d’un modMe ideal dont 
I’elegance nous plairait, mais a I’etude fondamentale des diflScultes qui peuvent etre a 
I’origine des defaillances du marche, 

Quand nous devons faire des recommandations pour telle ou telle question concernant 
Torganisation institutionnelle face a un probleme de gestion des ressources, nous sommes 
le plus souvent amenes a proceder a un arbitrage delicat entre des diSicultes opposees. Une 
certaine planification, des reglementations ou des directives quantitatives ont souvent leur 
place a cote de la police des marches ou d’interventions agissant par I’intermediaire des 
prix. 

La perspective d’une eventuelle rarefaction des ressources conduira vraisemblablement 
a modifier les termes des arbitrages et & recommander un interventionnisme accru de la 
part des autorites publiques locales et Rationales, ainsi qu’une intensification des accords 
intemationaux. 

2 . Quand nous reflechissons aux problemes de la croissance nous ne pouvons nous satis- 
faire d’une vision purement mondiale, je I’ai deja dit. II faut que nous portions une attention 
particulike aux regions critiques dans lesquelles I’adequation des ressources aux besoins 
risque de poser des problemes particuh'erement aigus. A lui seul, ce fait est de nature a 
changer considerablement les conclusions auxquelles pent conduire une reflexion traitant 
le monde comme un tout, 

Je voudrais bien faire apparaitre la difficulte, sans pretendre d’ailleurs proposer une 
solution. Pour cela je vais retenir I’hypothese que, en vue de lutter centre I’eventualite d’une 
detresse en Asie, nous cherchions a proposer un “plan d’actions pour rhumanite” qui ne 
vise pas d’autre objectif et qui soit assez reaUste pour avoir une chance d’etre suivi d’effet. 

La plupart d’entre vous estimeront que cette demiere condition conduit a rejeter I’idee 
selon laquelle les divers pays du monde devraient intensifier leurs efforts pour produire en 
quantite suffisante les biens dont I’Asie peut avoir besoin et pour reduire correlativement 
leur propre consommation. Raisonnons done comme si les transferts intemationaux ne 
devaient pas connaitre I’augmentation considerable que supposerait un tel plan. 

Certains peuvent penser a proposer un fort ralentissement de la croissance economique 
du monde industriel, Des ressources naturelles seraient ainsi conservees et pourraient 
eventuellement servir aux besoins asiatiques, 

Mais, a la reflexion, ceci risque d’etre une mauvaise proposition. Le developpement 
economique de I’Asie est la meilleure garantie centre la detresse envisagee et il a toute 
chance de souffrir d’un ralentissement de la croissance du monde industriel; le pouvoir 
d’achat des pays asiatiques sera defavorise par la diminution des ventes aux pays industriels 
et par la reduction vraisemblable des capitaux regus d’eux; le protecdi . - -pvs 

industriels risque de se renforcer, ce qui paralysera les efforts d’in < • ' 
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Je ne veux pas pousser plus avant cet exemple qui vise seulemcnt a faire apparaitre un 
aspect important des problemes qui nous confrontcnt. II montre bien les inconvcnients qui 
pourraient resulter d’une recommandation trop simpliste aux termes de laquelle le ralentisse- 
ment de la croissance des pays developpes apparait comme un objectif en soi. 

Si je dois conclure, ce sera pour relever la complexite des problemes non seulemcnt 
scientifiques mais aussi socio-politiques que pose Torientation de la croissance economique 
du monde. Nous avons ete bien hardis de nous engager dans le projet qui nous reunit 
aujourd’hui. 
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CONCLUSIONS 

The group of economists meeting at the World Conference of the Institut de la Vie 
expressed their conclusions as follows: 

1. Choices that will be open to the development of manb’nd depend on what are the 
reserv’es of natural resources, on what will be techm'cal progress for implementing new' 
methods of production, finally on the laws ruling the transformation of biological and 
ecological equilibria. About these conditions of future growth present scientific knowledge 
is subject to very wide margins of uncertainties. 

2. The risk seems to exist that we shall see in the future a strengthening of various 
scarcities so that the conditions of economic development will experience a drastic change 
in comparison with the past himdred years during W'hich, as a consequence of scientific 
and technical progress, scarcities tended as a whole to decrease. 

3. Facing this risk one may recommend that a cautious policy be adopted with respect 
to natality, the management of resources, and preserv’ation of the emironment. VTiether a 
substantial slow-down in the overall growth rate of w'orld production will be required is not 
yet clear. Since the cost of such a slowdown, particularly for the poor coimtries, would be 
hea\'5', it is premature to favor it We can, how'ever, recommend the choice, more than in 
the past, of the quality of life and this may require a retardation in the growth of output 
of manufactmed products, at least in the countries already industrialized. 

4. In order to take due consideration of long-term requirements and to help quick 
adjustment to new' conditions, the management of resources must know' how' best to com- 
bine the operation of markets, and the use of prices, with planning at the local, national and 
international levels. The actual combination of these instruments must not result from dog- 
matic preferences but from a particular examination of each case. It is clear, however, that 
new' and more effective institutions of social planning w'ill be needed. 

5. Problems raised by the balance between resources and needs are likely to arise much 
less for the w'orld as a whole than within some underdeveloped regions. The grow'th policy 
of other regions must be formed taking proper account of its consequences on these critical 
regions who may need markets for their products, financial loans, and gifts in kind. If it 
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happens, the retardation of industrial expansion in developed countries must not be 
realized at the cost of poor countries. 

6. Progress of human conscience and solidarity more generally requires that the distri- 
bution of goods become more equitable within each country and among countries. In order 
to achieve these objectives, one ought to persuade the citizens of various nations that their 
long range interest recommends assistance to the poor, particularly to those of the under- 
developed world. 

7. We urge economists to intensify their eiForts to understand and foresee the implica- 
tions of population growth and of the possible increasing scarcity of physical resources and 
energy, in cooperation with their colleagues in other disciplines. We need, on the one hand, 
factual studies on demand and supply of scarce materials, and, on the other hand, deep 
thinking on the functioning of institutions and on the desirable reform of economic 
organization. 




DISCUSSION 


ABRAMOWTZ: I should like to thank Professor Malinvaud on behalf of all of us for the very clear, 
very difficult general report which he has made and the exposition he has given us as to the general kinds of 
problems as economists we face: look at them. Now I should like to invite members of the group at large 
to pose any questions they may have, or make any statements they feel they would like to make at this time. 
These questions may arise out of Professor Malinvaud’s own statements or may be independent of them. 
I should like to see a discussion as general and varied as possible. 

CLOUD: I want to express my appreciation for Professor Malinvaud’s remarks, particularly the cau- 
tionary’ approach the economists have taken and their concerns for equity among peoples and nations. I 
attended several of your discussions, and I was ^’ety much impressed by the attention you were payingto moral 
philosophy and equity’. There are a number of comments I would like to make, but I will confine myself to 
talking briefly about substitute ability, a question or a matter in which Professor Malinvaud seems to place 
great reliance. I want to call your attention to three things about substitute ability. The first thing is that 
86 or 50 of the 90 naturally occurring are already in economic use in the industrial natiorrs and there is very 
little room for substitutability of new elements for old ones. The substitutability then comes primarily in the 
substitution of more abundant for less abundant elements or in the substitution on nev/ materials that are 
created by materials science and technology. But there are several aspects of this too that must be taken into 
consideration. When one looks at what substitutability has done in the past it really has had very little 
effect in slowing down the rates of consumption of the elements substituted for. The substitution of plastics 
in containers, for instance, has barely affected the rate of increase in the use of glass, paper, aluminum, and 
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I think it should also be emphasized that when we consume more and more commodities, this docs not 
necessarily mean that the volume in cubic meters or tons of commodities is increasing. In fact, the volume 
in tons or cubic meters may well he falling, because many commodities become smaller and smaller by the 
miniaturization. I think that when non-economists talk about indefinite grov/th, they often seem to think 
that the material content, for instance the weight or the volume of commodities, will rise indefinitely. That is 
not necessarily true. We may very well experience & fall in the wciglit and volume of materials because of the 
miniaturization and the substitutions on the production and consumption side, including shifts to services. 

In summary, the range of substitutions is much larger than people usually realize. The conclusion is that 
the cxhausiiblc resources of minerals, will, in fact, never really be exhausted because it would be too expensive 
to dig up all the high-cost resources from the earth. 

CLOUD ; I am not unaware of the realm of possibilities of substitutions, including substitutions of technol- 
ogies and so on. The points I would emphasize are that every substitution made is one that you cannot 
make again that all substitutions consume some raw material, and that substitutions often lead to a lower 
level of efficiency. I have no doubt that we could invent some sort of an industrial economy that could run 
entirely on the really abundant and universal elements such as iron, aluminum, magnesium from the sea, 
and silicates. But what kind of an industrial economy would it be ? It’s a matter of choices, a matter of trade- 
offs. I think that most of us would agree that if we went to that we would lose quality in some, perhaps many, 
important areas — for instance in high-speed computers, communications systems, and other things. We 
really have to decide what the greater good is — the sustenance of a less populous high technology economy 
or a gradual movement to a lower and lower technology economy. 

ABROMOVITZ; Thank you, did you want to say something else, Mr. Lindbeck? 

LINDBECK: Just a small comment. I see no reason to move to a “low technology" economy, but rather to a 
different “high technology” economy, when relative scarcities change. I think the question is not a low or a high 
technology, but the kind of high technology we want to have to adjust to human needs and relative scarcities. 

SAUVY : Mon observation voulait aller pr&isdment dans le mcme sens que celle dc M, Lindbeck. J’ai 
dte frappd, dans ce colloque, et bien souvent ailleurs, de voir a quel point le mot croissance a conseivd son 
sens un peu prestigieux, un peu magique, alors que la notion cst devenue dc plus cn plus incertaine. L’cnscmblc 
du lot de richesses produites et comptabilisdes comportc, en proportion, de moins en moins de matieres et 
de plus en plus de services, dont la valeur cst bien souvent convcnlionnellc. Cependant, dans le domaine 
matdriel, nous restons dans le rdgime des prix et d’une large liberld d’initiative. Ce jeu libdral n’assure pas la 
solution optimale, parce qu’il n’amortit pas les ressources naturelles. Nous devrions constamment prdvoir 
et pratiquer para suite, en quelque sorle, les prix de demain. Grace a la “bienveillancc” des Arabes, nous 
avons eu un commencement de changement de la notion meme de croissance. Nous consommerions dvidem- 
ment beaucoup moins de nature, en jouant aux dchccs ou au bridge qu’en consommant direefement un 
combustible fossile qui corrompt I’atmosphere. Mais, a ma connaissance, il n’y a non seulement pas d'applica- 
tion pratique, mais pas de bons modeles, avec une matrice appropri^e qui puissent nous dire combien 
chaque produit consomme de nature. Munis de ces compte, nous pourrions non pas arreter la croissance, ce 
qui n’a guere de sens, mais I’infi^chir dans le sens d’une moindre consommation de nature. Sans me dissimuler 
les difficult^ du calcul, je pense que nous devons le tenter, e’est le role propre des dconomistes. Les genera- 
tions a venir pourront nous reprocher, dans vingt ou cinquante ans, de ne pas avoir rerapli notre fonction. 

HORVAT: I should like to provide some concrete information which would probably answer directly 
the three questions asked. When we talk about exhaustible minerals we primarily mean metals. As far as 
metals are concerned, the amount of metal which is contained in the earth crust down to 1000 metres 
apparently worked and are on the sea bed, is about several million times bigger than the quantities consumed 
currently. So for all practical purposes it is inexhaustible — it is without limit — and there is nothing to worry 
about there. The second question, or rather a statement which has just been made, is that whenever you 
have a substitution it is at a lower level of efficiency, is simply not true. The data we have — particularly 
data for the United States, which are the most complete ones — show that from the nineteenth century into 
the twentieth century the amount of capital for unit of output in mining has been decreasing constantly. 
It is clear that in the nineteenth century people were mining the rich ores; now they have to mine poor ore. 
Still, the technological problem has been so fast that it has really been running faster than the exhaustion of 
the minerals. The cost in terms of capital have been increasing. As Professor Lindbeck has pointed out, this 
is reflected in the changes of relative prices. Let me quote four prices of four leading trunerals: again, this is 
in the United States, in the period 1925-70. In this half-century period the prices of aluminum have decreased 
by 55 %, of lead by 6 %, of zinc they have gone up by 3 %, and of copper they have gone up by 90 %. People 
usually quote copper as a leading example of a mineral that will be exhausted rather soon, ijiat is why the 
price went up so much and that is why copper was replaced by aluminum, whose price went dowu so much. 
That is how the process of economic development and substitution goes on. From the point of view of informa- 
tion that we have, and from the point of view of the technological progress that has been known to us 
in the last century, there is really no point of worrying about the exhaustion of minerals in the world — at 
least not in the next century or so. 

MEDOW: I was not able to participate in the proceedings of the economic meeting yesterday because 1 
was involved in those of the modeling section. Several topics arose in that section that may also have been 
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discussed elsewhere. In particular I wonder if the following two difScultics, which are very real at the present 
time, were discussed by the economics group. First, in the ease of evaluating the results of those experiments 
with computers that arc programmed, not in terms of optimization techniques of the type familiar to neo- 
classioa! economics, but in terms of a different group of conccptional categories that are associated with 
cj’bcmctics and .sj-stems analj-sis, is it possible for a verbal discussion which is not informed of the nature of 
the programs that were employed to come to the conclusions that you have mentioned ? Secondly, is there not 
in the approaches of one or two of the better known models of this type. I mean systems oriented, simulation 
algorithism oriented, approaches that emphasize the complementarity of the relations and the presence of 
both destabilizing and stabilizing feedback loops for control purposes, rather than possibilities for substituting 
nearly csersthing for each other, as optimization models something fundamentally different from the nco- 
classi'ca! perception of economic dsmamics, and something which is closer to the classical tradition of political 
economy than to the more recent models? These two issues, must, I think, be fully clarified before recom- 
mendations such as those of the economics section can be taken seriously. 

ABRAMOVITZ: I think we had some difficulty here in understanding the central point you were making, 
I wonder whether you would not elaborate just a bit? 

MEDOW: I have essentially two questions to ask, both of which stem from the fact that we arc nov/ 
dealing with mode's that arc based not on short systems of mathematical equations that triay be voen on 
paper, but with complex algorithmic models that arc embedded in computer programs written in a variety 
of computer languages. But in addition some of these computer programs embody not principles of substitu- 
tion for purposes of optimization but, generally speaking, principles of cybernetics and syiioms analyih. 
This means tliat they consider abo*. c a!! complementarities among elements and also disturbances in relation 
to normalize states and pos'ibilitics for this neutralization. The.'e arc two i.mplications of this. One concerns 


mcihodolojy and there the nature of the problem is almost iclf-cridcnt. The other concerns the nature of 
the processes being studied. In the course of iis dcsclopmcnl economic thought was initially concerned with 
political economy with the production and distribution processes of the material infrastructure of society, 
not with substitution problems— this is a later development. Is there not a turn now in the works of computer 
models, in the area of computer models, back to political economy, to rclaiio.ns of complensentarity, to 
problcm-s that arc more fumdamenta! to the polics- issues of our ti.me than substitution problems? But how 
can it be asserted ihmt t.his is not so without knowing much rnc.-c about the co.-nputer p.-ogra-ms bring used? 
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ment de 28 millions de donn&s psychologiques, economiques et analytiques, a fait apparaltre que ce pays, 
abondamment nourri en calories alimentaires, abondant en acier utilise, est atteint d’une carence pour 
50% de sa population, la carence en fer de I’hemoglobine du sang. II y a la une contradiction 6tonnante entre 
voire demarche, qui s’exprime par tonnes et la demarche physiologique qui s’exprime en milligrammes par 
litre de sang. N’y a-t-il pas dans I’lnstitut de la Vie et dans la d6marche qui nous anime ici, une esp^ 
de contradiction qu’il faut souligner et qui, peut-etrc, expliquerait certains malaises dans les conversations 
que nous pouvons avoir entre nous, entre economistes et biologistes. 

BROWN: It is a dangerous, and I believe a gross oversimplification to say that just because there are x 
billions of tons of elemental materials in the crust of the earth that we need not worry for the next century. 
This afternoon we are going to discuss this in some detail, but I should just like to say at the present time that 
while it is true that one can demonstrate mathematically and chemically that man could, if he were forced, 
live off the ordinary rocks of the earth’s crust. While this is true, it depends upon two assumptions; the 
first, that he has adequate technology, and the second that he has adequate energy. It is basically a question 
of how much one pours into the system. Clearly, it takes more energy to get copper out of an ore that contains 
0.2% copper than it does to get copper out of an ore that contains 1 % copper. Superimposed upon that, as 
we go to lower and lower grade ores the environmental problems become magnified and if the environ- 
mental problems are to be rectified that in turn necessitates the expenditure of still more energy. So basically 
it is a problem of thermodynamics and it is a problem of technological development. It is by no means clear 
that technology is going to keep up with the race. It is quite true that our technological achievements have 
been considerable in the past. It is dangerous — as most of us know — to assume that the future course of 
technological change will duplicate that of the past. Thank you. 

PIORE: I guess my best identification is still IBM, even though I do have offices at Rockefeller University. 
I should like to take a different point of view than my two American colleagues from the National Academy. 
We might as well debate here as well as in Washington. I think one has to be very careful in degrading the 
technological changes that will occur. Many of them will occur and will be very profound. I guess the greatest 
saver of energy was the invention of the transistor. Just count the number of radio sets and television sets 
in each house. Just make some numbers and calculate the number of the tubes by the transistor. I used the 
transistor as a familiar example, but the whole electronic and electrical industry for the last decade has been 
reducing the size of equipment. This reduction in size, these technical innovations, always reduce the power 
consumption. I think the technological change has not saturated — ^it just does not give credit to all the young, 
bright, imaginative people who exist. They will invent and invent and invent. Do not sell the engineering 
fraternity short. 

LEWIS: The best identification, I think, is atomic energy. I would just like to point out something that 
was in the paper I presented yesterday that won’t have reached these other people, that in Ontario electricity 
is now delivered to Toronto more cheaply from their nuclear plants than from a hydroplant transmitted 
250 miles through aluminum conductors. I point this out as an example of an advance in technology that 
is only just beginning. But it is there, it is established on a significant scale — 2 million kW. As far as I can 
see there is a lot more wrong — ^I should certainly agree that technology is offering us a great promise in 
substitution. 

ABRAMOVITZ: I think it is a good idea if I try to introduce another note into this discussion. It is one 
thing to talk about the possibilities from the physical side, of proper adaptation and response and adjustment 
to a possible growth of shortages, a possible increase of shortages or of scarcities of particular kinds of 
resources, or of environmental deterioration and so on. It is another thing to say that the market will give 
us the proper signals for making the kinds of responses or adjustments that are needed. I should like therefore 
to call on one of my colleagues, Professor James Meade of Cambridge, to talk about these questions from 
his own point of view. 

MEADE; I suppose I am considered by my colleagues to be on the pessimistic side, although in a rather 
refined way which I will try to indicate before I talk on the question which has been put to me by the Chair- 
man. It is unnecessary for me to stress, after Professor Malinvaud’s introduction, how much attention we 
should pay to the uncertainty of future events. The rate of population growth, the rate of technological 
change, and the nature and scale of productive operations is now such that there is a chance that we shall 
hit the limits to growth with catastrophic results before we are able to make the necessary adjustments. I do 
not myself believe that the probability of this is very high. I accept all my colleagues’ stress on the possi- 
bilities of substitution. I am greatly impressed by those technologists who say that there are a lot of inventive 
young men who are dealing with these problems and that technology will probably play an enormous part 
in solving the problem. All I am saying is that there is a chance that things will go wrong. There are two things 
on which economists differ when they look at a problem of this kind. One is the probability they give the 
chances of it going wrong and the other is the extent to which they arc gamblers of risk averters. I am a 
“playing-safe man” and I always have been; and for that reason I raise the question: What should be the 
change in our economic institution if we want to play safe? Economists have always seen great efficiencies 
in the price mechanism as signals for substitution and action. I am known among my professional col- 
leagues as an admirer and proponent of the market and the price mechanism. But I am now going to play 
the other role of talking about its deficiencies. We economists have always believed that there arc many 
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reasons why the government should not leave everything to the market and that there arc many things 
it should do itself in the economic sphere. But ought we, in view of the threat of doom and a desire to play 
safe, to change our attitude towards the degree of reliance we put on the market and on prices as com- 
pared to the degree of reliance which we put on government inter\'cntion, controls, planning, and so on? I 
will merely enumerate very quickly five ways in which playing safe to meet the threat of doom does alter a bit 
the balance between reliance on markets and on governmental controls. The first is that refined sophisticated 
work is making it more and more dear to economists that the price mechanism is not a good signaling device 
for dealing with the future. For this purpose, it needs supplementation. Theoretically, if the price mechanism 
was to deal with the future you would have to bo able to deal now in a fonvard market for every commodity 
for cvciy future period, for cverj' future major contingency. This is absolutely impossible, of course, and there 
arc very' good nrasons why this range of f uturc markets cannot exist. Therefore, if we arc more troubled about 
what the future may hold in store for us, we have got to put more stress on what I would call governmental in- 
dicative planning. "iThcrc arc all sorts of approaches to this. There is the approach of construction of dynamic 
models based on the inrelationships between economic variables that one thinks from empirial evidence are 
the most probable ones and then seeing what such a model wall lead to in various future contingencies. There 
arc other useful forms of action, one of which certainly requires governmental action and is what is usually 
meant by indicative planning. In its simplest form it is a very grubby form of action, but it can be very im- 
port.mt. You simply gel the steel producers together with the steel users and you ask the steel users how much 
steel they arc likely to w’ant, and you ask the steel producers how much steel they will be likely to be producing 
in 10 years’ time, and you sec a great divergence between the two, you have done something very crudely which 
a theoretical foivvard market would have done very beautifully. The second measure which I think the govern- 
ment might take in a program to “play safe" in view of the threat of doom is to promote research and develop- 
ment for the encouragement of the new technologies that may be necessary if the pessimistic outcome comes 
about. Tlic third set of measure which I have in mind is that one should shift the emphasis a bit in the devising 
of economic policies in such a way as to put rather more emphasis on redistribution of wealth and rather less 
on crude economic growth. Tliink more about reducing poverty by redistribution and a little bit less about 
just increasing the output so that cvco'body can be better off. Redistribution has three aspects, of course, as 
Professor Malinvaud himself mentioned in his introductory remarks: first of all, distribution between the 
rich and the poor of anyone generation in anyone country; secondly, distribution between the rich and poor 
countries, which is perhaps the world’s most important problem; and, thirdly, redistribution betw’een the 
generations. If we think that future generations will be poorer than us, then that is an argument for saving 
rather more, perhaps through budget surpluses, than we would perhaps otherwise do. I come next to the 
fourth sphere for government action to cope with what I personally think is the greatest problem of the lot, 
namely the population explosion. But I fear that I have no precise message to give to anybody about what 
type of governmental action will successfully cause a reduction in fertility. The fifth and last main sphere for 
increased governmental planning and control that I would mention is governmental action designed to 
cope with what economists call externalities, such as pollution where one agent doing something has a serious 
cflcct on other people, the cost of which docs not come into the price mechanism. The polluter does not have 
to pay for the damage he docs. Tlicre is a whole range of wcll-knowm pollutions of the environment of this 
kind; and it is absolutely essential— if one takes the threat of doom rather more seriously — that one should 
put more emphasis on government controls against this sort of thing. I would like to sum up in the following 
way. Having spoken in this way about the deficiencies of the mechanism, I have not lost my faith in the market. 
We should st.art by doing all we can to make the price system work cficctivcly. For example, in the case of 
exhaustible raw materials we should get such a rise in price that people have an incentive to economize. 
The market should be the base. Moreover, and this is a point Professor Lindbeck stresses very much and with 
which I entirely agree, I think governments do an awful lot of inten’cntion on a lot of little pernickety things 
that arc not of very much importance. They should stop doing that and concentrate on the important cases 
where governmental action is essential. Let us always remember that there are fools and knaves and all 
sorts of shortsighted people among bureaucrats as well as among businessmen and among market operators. 
We are not able to replace the market mechanism with the Perfect Platonic guardians which we would like 
to have. I think we should get rid of as much inessential inten'cntion as possible. But there are some govern- 
mental interventions which arc justified for a policy of “playing safe” to meet the threat of doom: indicative 
planning, the stimulation of the new technologies that may be necessary if things go wrong, the control 
of pollution,and putting more emphasis on redistribution rather than on growth. Finally, there are two things 
the implications of which I find most difficult and distasteful : the reduction of fertility and the moulding of 
peoples’ tastes so that they like the quiet, gentle life rather than the straining for higher and higher levels 
of material production. 

TINBERGEN : The sort of message I would like to formulate is, I might say, the result of many discussions 
I had with my brother, Niko, who is a biologist and who is much more pessimistic about growth than are 
economists. But I understand that he is representing a fairly important group among biologists, or ecologists, 
as they are now called. I just want to recall to you some of the consequences I as an economist tried to draw 
from the message I got through. So I am not saying that necessarily I would be in agreement with everything 
1 am going to say now myself, but it is an attempt to formulate something that, as far as I can see, is an 
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important view and might be underrepresented in this congress. His way of looking at the future production 
of food is one of extreme precaution. Ecologists feel, for instance, that the degeneration of certain species of 
plants that have been selected very thoroughly on productivity, also the degeneration of the soil by pollution 
— and for that matter of the oceans, where everything finally of course arrives — creates a need to maintain 
a sort of reserve of genes in order to renew plants at the moment they arc degenerating. All that together 
makes them believe that it is absolutely necessary to keep within limits the future growth of food. Moreover, 
they state correctly that in the last 20 years the annual rate on food production, if you take the trend, has not 
been more than 2%. There was a time when F.A.O. in its World Indicative Plan, took 4% as a possibility, 
but they have come back, I think, from that figure. So I took 3 % as the possibility of annual food production 
increase. I extended this over 40 years— just to sec what the consequences would be for a number of key 
variables in the process of human development adding one more element that was mentioned already this 
morning and was shared by many of us in the group of economists, namely that very high priority has to be 
given to the development of poor countries, since the level of life there is so inhumanely low that, first of all, 
for human reasons, also for political reasons, we cannot leave it there but have to very much accelerate their 
growth in production per capita and consumption per capita. Now making a choice there (which is, of course, 
arbitrary) that it would be necessary to increase their consumption per capita on the average over the 40- 
year period by 5 % per annum, which would mean increasing it by almost eightfold, I came to the con- 
clusion that if such a thing is absolutely necessary then the manoeuvering for, on the one hand, the increase 
in population and, on the other hand, the growth of the rich countries, is extremely limited. As one possible 
picture that would satisfy the conditions that I just formulated, I can see one where over the same period of 
40 years the average rate of growth of income per capita for the rich countries had to be 1.7% — half of what 
it is now — ^which you could interpret as going down from the present level to zero level, 40 years from now. 
Even if you assume this, the conclusion must be that the numbers of people that can be fed according to 
this scheme will also have very severe limits and that therefore the reduction of population increase must be 
an important part of any policy that plays it safe — to use my neighbor’s language — a preference which I 
share. You know, of course, that in Bucharest at the population conference, the suspicion with the developing 
countries has been all the time that we, from the rich countries, wanted to “impose” on them the reduction 
of their population growth, and they do not like this idea. I can understand this feeling. So I think that if 
there is a need for a deceleration of population growth, that this deceleration should be shared equally 
between the poorer countries and the richer countries. In order not to make my intervention too long, if 
you calculate the deceleration needed it would be — 1.1 % per annum in comparison to what it was in 1960-70. 
This leads to the conclusion that the rich countries, according to this scheme, have to be back on the 1970 
population in about 40 years from now and that the poor countries could continue to grow at the deceler- 
ated rates in the average, over the whole period of 1.5%, meaning that they would have to tone down the 
present rate of 2.6 % to about 0 % to the end of the period. Of course there could be also a differentiation 
made between countries. You could simply apply the — 1.1 % to each country and then arrive at very 
different figures for different countries — diversification is not excluded at all here — but it would perhaps be 
a formula to find agreement where there was no agreement in Bucharest. There are two things I would like 
to repeat: (1) we have to give the biologists some time to find out — it is a much more complicated science 
than most of the other sciences that are represented here — whether indeed the dangers are as large as they 
now intuitively feel. But (2) we have to be careful at the same time. We have to be aware of the extreme 
importance of slowing down the population growth and we have not to forget the main thing: the enormous 
difference in well-being between the developing world and the developed world and the necessity to overcome 
this difference in a reasonable period. I know that what I have said is completely unacceptable to most 
politieians of Western countries. But I am not sure whether we should give in to those politicians : perhaps 
it would not be wiser for them to learn something from this way of thinking. 

ABRAMOVITZ: We have had a number of different issues put before us now and I am not sure exactly 
how to conduct the meeting in the most orderly way. There were at least two of our members whom I failed 
to recognize this morning and who I assume want to revert to questions which arose at an earlier point in 
the discussion. I should like to give them a chance to talk first and then perhaps return to questions which 
arise out of the statements made by Professor Meade and now by Professor Tinbergen. I shall call first on 
Mr. Jantsch. 

JANTSCH: I should like to get a reaction from the panel on a basic dilemma — what seems to me to be a 
basic dilemma — which has been bothering me for quite a while and which borders also on the issue of insti- 
tutional change which has been evoked here in the morning and on some of the other issues which were 
discussed. That is that the economic institutions as we know them today in our highly industrialized countries 
are geared more or less to maximizing the criteria of efficiency and productivity. At the same time we — at 
least in the Western countries — try to retain as much as possible, the liberal dream. Professor Meade wants 
to retain rather much of it, other economists maybe less. We are very hesitant to leave behind the beautiful 
promises of individual freedom which this dream holds. It seems to me that the liberal dream in terms of 
systems can be found realized, for example, in natural ecological systems without human intervention, where 
a kind of self-regulation works and keeps the system viable. But, and this is a point, by precisely not maximi- 
zing productivity and efficiency. Nature is actually very unproductive and inefficient when it comes to systems. 



DISCUSSION 


49 


It is only the individual bio-organisms which try to optimize their own efficiency of survival. We have also 
in human society a large degree of self-regulation when these human societies are at the low technological 
level, in particular in the areas of food and health technologies. There, in fact, the high rate of infant 
mortality and famine take care of the systems in a way which we from the Western countries denounce as 
being undignified for man. So we are again in a dilemma. It seems to me that the criteria of efficiency and 
productivity go together with the optimization of individualism, and as we are moving now into a time, and 
this is much the general theme of this conference I believe, when we have to recognize the interests of human 
systems or of mankind in a planetary or even in a species-oriented way, it seems to me that the exaggerated 
interest focused on productivity and eflSciency ought to be placed on other criteria or ought to be de-empha- 
sized in such a way that other criteria can come into play. My question is: Does a panel of eminent econo- 
mists see institutional change also in this light, i.e. as change of the criteria by which institutions have operated 
so far and as bringing into play other criteria, something which makes the human world at the same time go 
away from the interest on the individual and go toward what Churchmann calls an ethics of whole systems. 

CHAKRAVARTY : I think that the question that has just now been posed to us is of extraordinary 
importance. I think that the group of economists who did meet did discuss this problem — maybe not 
exactly in the same terms. I thought the message that Professor Tinbergen has just now communicated also 
refers to the same class of issues. I think it is important for us to recognize that we are not looking for merely 
self-regulating systems. We are also trying to regulate them in a certain manner which we consider to be 
consistent with human dignity. Of course, what constitutes human dignity is certainly a matter of value judge- 
ments, but I believe there is a considerable consensus on recognizing what constitutes the essence of human 
dignity. It is clear that in order to do that we have to think in terms which are not purely naturalistic. We 
have to think in terms of institutional and other modes of adaptive behavior. It is also clear that these con- 
ditions may have to be different in different parts of the world. When Professor Tinbergen spoke of the need 
for accelerating growth in the developing countries and a conscious decision to decelerate growth in the 
developed part of the world, when he talked of reducing the rate of fertility and slowing down the popu- 
lation growth in the world in the whole, maybe at different rates in different parts of the world, he was 
presumably talking about bringing about a land of system, a kind of regime which would be more con- 
sistent with human dignity and would take us out of the dilemma that had been mentioned. I personally 
think — and I think this is a view shared by many of us — that economists, have traditionally emphasized 
market-based modes of adaptation, perhaps too much in several directions as Professor Meade has indicated 
— even though he is a liberal, he is willing to see the limitations of the traditional liberal arguments. I 
would go a little further. I would say that the market-based methods, if they have to be pursued in isolation 
or have to be pursued only in moderate doses, might not take us out of the difficulty. In fact, as far as 
the developing countries are concerned — about which I am entitled to speak a little more confidently — 
this will not solve the problem either of the population growth which is an extremely important one or 
the problem of improving the standard of living of the vast masses of people. I will illustrate my point 
very briefly because I do not want to take too much time. Basically the problem with the developing countries 
is the problem of imbalance between the stock of reproducible capital and the number of human beings who 
happen to be there at a given point of time. This is by and large the situation, although it varies from country 
to country. This results both in a very low level of income per capital as well as in a highly inequitable 
distribution of income. This situation is getting continuously more difficult for certain parts of the w'orld at 
least as a result of rapid population growth which is not matched with a corresponding growth in produc- 
tion. If we have to get out of the difficulties I think we need to recognize two things: that the stock of 
reproducible capital in these countries must increase sufficiently fast and, secondly, that the growth of 
population has to be consciously regulated in a manner which is consistent with what I call human dignity. 
How do we do that? I think there are two problems here. One is if you allow human beings to be employed 
according to the normal market criterion, then you would find, for example, vast masses of unemployed 
who would not really be able to make a living and would constitute merely a hindrance. But if you do 
organize consciously the deployment of labour in rural areas, such as in a country like India or Bangladesh, 
then certainly you can do a great deal more with them than you would do if everything is to be regulated by 
the market criterion. Similarly, if you really want to increase the rate of savings through the market method, 
this will have to be done by considerable accentuation of inequalities in the generation of private incomes 
which will not only be ethically improper but may well pose problems for future development. In both 
these cases it is necessary to intervene in a socially purposeful manner. In terms of generating a distribution 
of income and channelizing the incremental flow in such a manner as to satisfy the requirement of increased 
savings and the requirement of deploying human beings more efficiently, I would go one step further. Even 
if we want to reduce the growth of population, the method that you need to adopt in a large number of 
cases would consist in the reduction of infant mortality, making more health care available so that people 
really feel more secure, have social security arrangements which is not currently available, and take steps 
for modernization of agriculture and other occupations leading to perception of economic opportunities 
which lead people to voluntarily adopt smaller family sizes. In each of these cases there is a close inter- 
dependence between economic changes, on the one hand, and general socio-demographic developments, 
on the other. In fact, if we adopt the above approach we can bring about an accelerated demographic 
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transition. I may also just briefly add that whilst I think the bulk of the responsibilities will have to be borne 
by the developing countries themselves in bringing about an acceleration in the growth rate, purposive 
international action can be a help. In this context I think the problem of trade and optimal division of labor 
over time will play an important role and which, I believe, can contribute substantially to the solution of 
the problem. It would also be very useful if the instability which characterizes farm product prices as also 
the prices of basic intermediates— as, for example, with fertilizer and so on — is minimized. So that the kinds 
of problems that developing countries subject to population pressure experience from time to time in times 
of scarcities of food, leading to inflation and certain other irreversible changes, can be mitigated. If there is 
a conscious international attempt at evolving an international economic program of action along these 
particular lines, and if this could be supplemented by international transfer of financial resources in areas 
which are important and in quantities which are important enough to add sizeably to their domestic efforts, 
it is possible to think of a situation where it would be possible to recognize the basic limitations to the world 
as a Vvhole in terms of possible resource exhaustion and at the same time create a situation which would 
really be self-regulating — not in a mechanical sense or even in the sense of the mere reproduction of human 
species, but in a sense consistent with human dignity. 

SHUBIK: I wish to make some comments on Professor Meade’s observations on the role of economists 
and the role of markets. I think it is extremely important to distinguish the differences among control, 
advice, and understanding. It is my belief that most economists neither like to be in positions of control nor 
are very competent in those positions of control. It is furthermore my belief that in general the role of under- 
standing is frequently misunderstood in the design of control mechanisms for human systems. I personally 
believe that economists have extremely bad understanding of many economic phenomena. However, I also 
believe that they have better understanding of these economic phenomena than most non-economists. The 
connection between understanding and control is nowhere near as strong as most people applying for grants 
for research make it out to be. This being the case, I suspect that the optimal role of economists in the sort 
of processes we have been discussing is as advisors. I think they are perfectly capable of giving reasonable 
advice, especially if they do not blind themselves by believing that their advice is based on the deep under- 
standing of theories they do not have. 

I would now like to comment on markets. I personally am an advocate of the use of markets whenever 
one can. I also believe that there is no such thing as the market, that there are many highly different insti- 
tutions that reflect market processes. I also believe that most economists do not understand this. It has 
been my observation that most economists neither understand how most markets operate nor are capable 
of operating them. I find that many economists are not particularly capable of dealing with their own personal 
economic problems because they do not have the slightest idea of how markets work. They usually do not 
know how they clear, they do not know what the institutional forms are, and they do not care about the 
information content in these markets. 

Furthermore, there has been a very interesting split in the economics profession. A few institutionalists 
who do not understand how markets work have been banned to special institutions and universities where 
they do not interfere with reine Wissenschaft. Pure theory as it is eurrently taught must be much more general 
than institutional studies — hence it cannot be bothered with little details like how a check clears; or exactly 
how fiat money get into a society or out of a society; or how curious instruments such as contracts work. 
Having said this, I would like to suggest that the central body of microeconomic theory which is meant to 
relate to the market has been designed to provide a spurious non-institutional general theory. It has the 
property that it is independent of mass market phenomena, as you can see by reading the excellent work 
by Arrow and Debreu. It docs not matter how many individuals there are in the market because our economic 
theory is independent of the number of individuals in a market. The theory was designed to disregard all 
information conditions. This was done by implicitly symmetrizing the information conditions in such a way 
that they do not appear explicitly. Some of you are aware of certain works like Radnor’s, and I could mention 
others — which show where the information difficulties appear. 

I would like to suggest that the question Professor Meadows was trying to raise (although I by no means 
necessarily agree with him) is a valid question. The question of Professor Jantsch was also a valid question. 

I want to try to point out why these were valid questions. Current economic theory is an incompletely defined 
system. It is precisely where that system is completely defined that the inconvenient questions that these 
gentlemen were raising come in. The incomplete definition can be seen when we look around the world and 
obscr\c, for instance, that accounting systems exist. We observe that contracts exist. We observe that 
financial institutions exist. We also observe that financial institutions and governmental planning institutions 
arc clearly the carriers of the economic process of society. They are not only the carriers but frequently pro- 
vide the interfaces with non-cconomic processes such as political processes. I believe that it is the responsibility 
of the economist to be able to graft the financial and planning structure of society into their economic 
dynamics so that in those theories they can play the role of a neutral and informational network that they 
quite clearly play in the real world. 

JASKE; I am an engineer. I have devoted my entire career to the development of nuclear energy from 
the days of the war. In listening to what I have heard today — up until Professor Shubik made his very 
brilliant observations — I noted a lack of the coverage of the detail that he so profoundly expressed. As a 



DISCUSSION 


51 


practical man (and most engineers have to be practical) we live in a world where the free market exists in a 
very transient way. We face the market when we are evaluating future investment and facilities. But once 
these facilities are built up it appears to me that present economic theory fails to recognize the long-term 
nature of the capital structure of past investments. In pronouncing the degree to which inflation should or 
should not be permitted to exist, economists in no way seem to be able to evaluate the effects of this on the 
extremely large investment in public facilities which are amortized over periods of time from 30 to as much 
as 100 years. As a result of this, the prices of public services which emanate from long-term investment in 
public facilities, notably power facilities, sewage works, and water works, become systematically under- 
priced because there seemingly is no way for the economic theorists or the system to adjust the constitutional 
constraints and the value of these services upwards to meet ongoing market conditions. We have these 
curious anomalies of aluminum becoming cheaper in price simply because the power industries of most 
countries are subsidized by energy policies which do not reflect the market but purely political or social 
conditions. One of our colleagues addressed himself to the point of adaptive innovation. It is interesting 
that he comes from a company which is notably prominent for the short-term nature of their innovation. 
It is my personal belief that on-going society will have to improve its sophistication and, I hope, totally 
endorse his view. However, we engineers are frustrated almost constantly by financial institutions which 
really limit the creativity and capability of engineers and scientists working together toward innovative 
solutions. I would urge this conference — and particularly economists — to search their souls for some way to 
evaluate the existing capital goods in the world in a way which more truly reflects the need for setting aside 
some means by which innovative and creative solutions can be financed without having constantly to be 
told that it is going to take 10 or 15 years to do this and we cannot afford that and we have to prioritize this. 
In a way we close the options which are so desperately needed to solve the problems of mankind. 

ABRAMOVrrZ : It is clear we appreciate the help we are getting from speakers who have spoken recently. 
The panel is gradually gathering itself together to make some response to them. I shall call on Mr. Meade 
first and then on Mr. Chenery who want to address themselves to some of the questions raised by Mr. 
Shubik and the last speaker. 

MEADE: My comments on what Professor Shubik said are very brief. I strongly agree with him about the 
limitations of economists, understanding of and ability to control economic events. We do not know very 
much, though I think we understand more than others about the economic system. I really agree with all 
that. The point I wanted to make refers to the second part of what he said. I think what he said may have 
given a wrong and exaggerated impression to some of the non-economists here of the extent to which the 
economists have neglected to study the way in which actual institutions and particular markets work in 
order to represent these properly in their models of the complete economic system. It is true, I think, that the 
institutional studies of economists are rather split up; there are labour economists and banking economists 
and so on. But I think that is rather natural. My thoughts turn to two of my colleagues when I was at the 
London School of Economists. Professor Phelps Brown devoted years and years to the study of the way in 
which wages are actually determined and to getting to know the way trade unions work and employers’ 
federations work and so on. Professor Sayers did similar work in the field of banking institutions. But these 
were men who also had a general economic training and knew very well what economic analysis was about. 
I think that it would be false to give the impression that their thoughts are not incorporated to a good extent 
into the way general economists think. But at the same time there is a place for the generalizer like myself 
who does not know in detail how markets work, but hearing what Professors Phelps Brown and Sayers 
have to say, tries to think of the system as a whole. I do not think the separation of activities are as bad as 
Professor Shubik made out. I would just like to add one thing. There have been economists who have really 
been good at understanding markets and how they operate. My hero, Maynard Keynes, really knew from 
experience how markets worked; and though he was a quite exceptional case the divorce between economists 
and people who can operate in markets is not quite as complete as Professor Shubik suggests. 

CHEERY : I sympathize with the attack on the regulation of power except I think the target is wrong. 
Power rates are not regulated by economists; they are regulated by politicians in most countries. In fact it 
is the regulation on the wrong principles which leads to the condition which you described, not only in 
nuclear power but in most forms of energy which have long gestation periods and where we need to be 
reacting to the conditions of the future. In fact, at least in the United States, our regulatory system is designed 
to react to the conditions in the past. Primarily there is a conflict between two aims of social good. One is the 
prevention of monopoly profits on which most of our utility regulation is based. The other is to have a 
sufficient supply of energy in the future. So far we have not devised a regulatory system or staffed it with 
people who have the second objective. The Federal Power Commission is based on the first principle and has 
been woefully inadequate in having foresight as to the prospective scarcity of natural gas, of oil, or any of 
the other things which the energy group will be telling us about. So that the prices that are set are clearly 
out of line — ^let alone the future prices, but also the present prices. This has nothing to do with economics; 
this has to do with the lack of the use of economics. I think it is clear in the energy field which is somewhat 
special in this discussion of resources. Among the resources which we talk about you can substitute almost 
all the other things, but energy substitutes only with energy. So we need a system which looks at the energy 
sources and the desirable alternatives and stimulates investment 10, 15, and 20 years ahead, as you pointed 
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out. This is not a system which can be based on the past costs, which the present syj 
not replace the equipment let alone stimulate production of new equipment, but ra 
signals. If Professor Meade has elaborated his full list of failures of the market, it is 
the economies of scale, technological uncertainty, and so forth which makes the m 
area. I think what we need is better economics, not that economists do not understand tt 
understand the problem quite well. Their advice just is not followed. 

PAILLAT : J’annonce la couleur: je ramenerai Thomme dans le ddbat. J’intervie 
mcntaircs faits par M. Tinbergen tout a I'hcurc. II a mentionne la conference dc E 
figure au programme de ccs reunions, mais vous me permettrez d’en toucher un m 
non pas comme un membre eicv6 des Nations Unies. M. Tinbergen a souhaite, ! 
compris, que les pays industrialises, Ics pays developpes, donnent I’exemple cn m: 
croissance dc leur population. C’cst deja fait! C’est deja tres largement en cours et, 
les Pavs-Bas, qui avail la natalite la plus eievec d’Europe Occidentale, la chute du tai 
impressionnante, on pourrait presque la suivre a I’oeil nu; En ce qui concerne lA 
taux de reproduction n’est plus assur6; cn ce qui concerne I’Europc Orientale, vous le 
Ic savoir, Ic taux dc natalite cst faibic, ct meme dans la partic europeenne c 
on obsci^’c cxactemcnt le meme phenomene. Ne parlons pas, si ce n’est pour ranec< 
natalite dans le Quebec qui, jusquc-ld, sc distinguait par un comportement particulk 
industrialises, dc cc c6te-Ia, il n’y a pas beaucoup d’inquietude, si cc n’est quant h 
structure dc la population qui ncccssai remen t s’ensuivra. II faut bicn savoir par exen 
citer le Japon, qui cst un laboratoire vivant — quo la proportion des personnes agees, 
la same, va tout de memo y triplcr cn cinquantc ans. Cc qui amcnera neccssairemcnt 
dc la population, aussi bicn dc la population active que de la population inactive, 
demit tenir unc certainc place dans I’analyse economiquo ct dans la prevision. Dans < 
d’etre legcrcmcnt cn desaccord avee M. Malinvaud; peut-ctre qu’d vingt ans les prdvi 
sont mauvaiscs, ct on nous cn a donnd d’cxcclicnts cxemples, mais h moycn terme cn 
sont sufiisamment bonnes pour etre op6ratoircs. En cc qui concerne Ics pays cn voic 
justement c’cst la oil la conference dc Bucarest a 6te cxtremcment intercssantc — I’echi 
des campagnes dc limitation dc naissanccs n’a pas encore ete bien explique, mais il 
tant qu'un devcioppement economique ct social au moins eicmcntaire n’aura pas cu li( 
que les gens dc ccs pays envisageront dc limiter leur natalite, parcc qu’ils n’ont finalcm 
dircctc. On nc leur ofTre ricn cn echangc. Les representants des pays cn voic dc develop 
ceux dc rAlgcric, ont etc tres clairs sur cc sujet M. Rockefeller— jc veux dire Ic frerc 
EtatS'Unis— a bicn dit lui-meme qu’il avail compris aprds de longues annees d’err 
pas placer la planification familialc cn dehors du contexte du developpemcnt econo 
cc que Ics pays du Tiers-Monde ent soutenu, c’cst qu’il fallait commencer par cc 
dedcnchcr cct autre. Parcc que finalcmcnt, il faut etre conscient, ct dans Icurs propo 
cc qui cst le problcmc ii rheure actucIle,notammcnt,cc n’est pas tcllcmcnt le nombre dc 
dont CCS hommes consomment des rcssourccs dont on nous rappcllc, a juste titre, 
mC-mc rclativcmcnt limitccs. La consommation dcs Europeens ou des Americains 
certains domnincs dc I'ordrc dc vingt ou trente fois supericurc a ccllc dc bcaucouj 
consequent, mi-rnc unc diminution dc leur population n’aurait qu’unc incidence c; 
I’utilisation dcs rcssourccs appropriecs ou appropriablcs pour reprendre la terminok 
Jc soulignc aussi tout dc suite, ct jc tcmiinc li-dcssus, quo les phenomcncs demog 
d'incrtic ct quo memo dans Ics pays ou Ics efforts les plus rcmarquables ont ete acce 
limitation dc la population, on nc peut esperer arriver h la croissance ziro dont tout 
bout d’un laps dc temps qui peut attcindre deux generations. Autrement dit, Ics 3 
supplcmcntaircs auxqucls la terre doit s’attcndrc d’ici I’an 2000 (2000 etant juste poi 
iniluctablcs. Et jc tcrminc par unc note qui disons pourrait nous intercsscr tous: il 
impressionnant, scmWc-t-il, jc dis ccla avec rescrs’c, dc limitation progressive dc la crois 
dans un processus integre. c’cst Ic cas dc la Chine. Malhcurcuscmcnt la Chine cst tcl 
seipncmcnis dc cct ordre que nous sommes encore largement livres au jcu dcs conjcct 
soicnt-clics. Mcrci. 

LINDHECK; Just two small points. As an economist I quite often have the feeling 1 
economists arc blamed for the state of the world. I must say that this is slightly unf 
do not think economists h.avc created many institutions and conditions. I do not thinl 
scry nuns policic'. cither. What we arc doing, of course, is analyzint; the slate of the v 
trrr.'. p>:rspccti-.ts, svherc uncertainties dominate, is exceedingly difficult. W^c also oC( 
v.hirh as 1 und-rrstand it, very seldom followed. I think it is important to keep th 
eciTomie anah. -es and the state of the world. 
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rate in developed countries goes down, this hurts the growth rate in the less-developed countries because 
their exports fall when they lose markets in the West. Also the protectionism in the West tends to increase 
when growth rates go down. We could also add that the ability and willingness to transfer resources to the 
less-developed countries will most likely fall if total resources stop growing in the developed world. So, 
personally, I do not think that Tinbergen’s scenario is a consistent one, i.e. to combine, in the coming 
decades, a slower growth rate in the developed countries with a speedier one in the less-developed. 

TINBERGEN: Yes, I shall make a few comments because I think it is everybody’s good right here to 
deviate from someone else’s opinion. But one misunderstanding I think in the reaction of my colleague 
Lindbeck with whom I usually completely agree, might be that I have mentioned figures of averages for the 
whole period, the idea being that we would start off with the present figures and only gradually, of course, 
change them. In the first period, that means that the growth of the developed countries would not change 
so very much, not even in that scheme. They would therefore still be able to serve as markets for the developing 
countries. But gradually industries have to be shifted, I think, and that might make it possible for the later 
phases of the period to the developing countries to grow on their own forces. I think that is sufficient for 
the moment. To have additional details, we had better do it by correspondence with anyone interested. 

COULOMB: Je ne suis pas economiste et ne vais pas prendre parti dans ce qui a 6te dit, mais je pense 
avec quelque inquietude aux personnes qui auront ^ se pencher sur ce que Ton a appele des resolutions, 
disons sur les avis finaux que pourra comporter cette conference. Dans tout ce qui a et6 dit jusqu’a present, 
ce sur quoi une majorite pourrait etre d’accord ce sont quelques idees tres simples; elles devraient etre 
extraites, par quelqu’un du groupe des dconomistes, de ce qui s’est dit ce matin. Dans I’expose de M. Malinvaud 
par exemple, il y a la necessite de concilier I’efficacite et I’equitd, d’etre prudent parcc que sensible aux 
risques qui pourront se produire plus tard. Dans ce qu’a dit M. Meade il y a un conseil: s’occuper moins de 
croissance que de redistribution. Dans ce qu’a dit M. Tinbergen, ce qui parait essentiel c’est son point de 
depart: I’importance de limiter la croissance des aliments; on peut discuter les chiffres qu’a pr6sent6s M. 
Tinbergen, mais il faut savoir si on veut partir aussi de ce point de vue original qu’il a justifid par la degene- 
rescence des plantes s61ectionn6es, des sols cultives, etc. 

Sans prendre parti sur la validity de chacun de ces points, un travail utile consisterait simplement a les 
dcrire i la file, pour que dans deux jours nous puissions savoir si oui ou non nous sommes d’accord sur 
certains des principes qui figuraient sur la liste. Je ne crois pas que la conference puisse apporter plus que 
cct accord sur quelques grands principes. 

ABRAMOVITZ: I shall undertake. Dr. Coulomb, to talk with my colleagues here about the possibility 
of doing what you ask. 

MUNDLAK: This is a response to the stimulating remarks by Shubik. It has to be responded to because in 
a meeting like this where it is mixed company the signals might be interpreted differently. So if one wants to 
point out that there is a dissatisfaction from the present state of theory, I will, as an empirical economist, 
for example, use an index and look at a number of articles that appear in theoretical journals and empirical 
journals which try to relate theory to reality. I have not conducted such a study but I would like to suggest 
that the rate of growth of such articles, at least the number of submitted articles, is higher than the rate of 
growth of population. So there is an intensive and increasing interest in testing and polishing the theory. 
The relevant question is not if we are satisfied but whether the present knowledge is useful or not. I think 
Professor Shubik — ^I do not know whether intentionally or not — ^has implicitly given the feeling or impression 
that somehow he has a framework whereby he can at least do better. 

I think that the challenge that Professor Shubik should take (if he undertakes to grade society into groups 
— economists being one of them according to their usefulness) is to indicate on the subject matter of this 
conference where his recommendations would be different from the recommendations and analyses that were 
suggested by the panel of economists that we have had this morning. I think this is the point, because we 
are not here for the purpose of discussing economic theory; it is not a conference on economic theory and 
the ways for advancing it in the next generation. We have come up with some substantive methods and the 
question is, if this is not useful, then what else should be substituted for it? 

MICHIELS: I want to make every brief remark because I do not feel that Mr. Jantsch’s comments on 
productivity and efficiency can go unchallenged. I do not see how one can justify using more human effort 
than is really necessary in order to produce a given good or service rather than releasing human effort for 
other activities. We should have enough imagination to think of other activities to do. I do not see how one 
can justify not using human effort as effectively as possible. This is what productivity and efficiency are about. 
I cannot see that as a criterion this can be abandoned. We may have to introduce constraints in order to 
prevent abusive use of this criterion and this can be done. But to abandon it as fundamental criterion for 
human activity is to go against the whole of history. All mankind has done through its past is to improve 
the efficiency and productivity with which it engages in any activity to enable it to engage in other activities. 

BOL ALIMA: Sans vouloir faire des reproches aux organisateurs de cette Conference qui se veut mondiale, 
je me dois cependant de faire remarquer que I’origine des participant et les sujets portds & I’ordre du jour 
tendent a ne refleter que les problemes d’un certain monde, celui des riches et des forts. Cependant, puisque 
Ton est revenu k plusieurs reprises sur un probleme qui me semble important, celui de la demographic, 
tendant a mettre en exergue que le sous-ddveloppement de nos Pays serait induit par le grand nombre de 
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bouches que nous avons k nourrir, je me permettrai unc question. En efTet, et ceci pour mon Edification 
personnelle, j’aurais souhaite savoir si les cminents economistcs qui ont eu a se pencher sur les differcnts 
probiemes quc pose ia science economique actuelle face au devenir de rHumanile, ont eu a etudier, comme 
I’a dit le rapporteur, les lemons dc I’Histoire en ce qui conccme les corrElations eventuelles entre le dcvelop- 
pcmenf economique d'une part et les taux de croissancc demographique ou les niveaux de populations d’autre 
part, si ces conelations elaient Etudiees, que ce soil dans les pays capitalistes ou dans les pays socialistes 
devcIoppEs. 

On serait alors en droit de connaitre si le developpcment economique dans ces Pays ddvcloppEs a Ete 
induit par unc reduction du taux de croissancc de la population ou si c’est la population qui, en foumissant 
unc main-d’ocucTc abondante a pu contribuer de fa^on decisive a ce dEcolIage Economique ou cnfin si la 
baisse du taux de croissancc demographique et le ddveloppement Economique ne seraient quc des phenomcnes 
parallcles sans lien causal. 

Jc suis persuade. Monsieur le PrEsident, que e’est en rEpondant de fa^on nettc a cette question que nous 
pouvons cssayer de replacer objectivement le problemc du controle des naissanccs dans un contexte rEaliste 
humain, genereuxet partant acceptable. II cst vrai quc je nc represente pas mon Pays id et quc je parlc a 
litre personnel. Mais si j’avais a representer le Cameroon, je crois que j’aurais besom dc la rEponse qui 
pourrait Eire donnEc a cette question avant d’engager mon Pays a prendre position dans un dEbat si important 
pour Ic devenir dc I'HumanitE. 

ABRAMOVITZ: I think I might begin to make an answer to the question which our friend has just 
posed so far as the past is concerned— particularly the past of the countries that arc now developed, what 
we know about the relation between the economic development of western Europe and of the industrialized 
countries of European origin is that the early stages of development were accompanied first by a decline 
in death rates, as a result of which the rate of growth of population accelerated a great deal. That was fol- 
lowed at a later stage by a decline in fertility so that the gap between birth rate and death rate gradually 
narrowed and, as we know, at the present time over much of the industrialized portions of the world the net 
reproduction rate is again approaching unity. As to the question whether population growth merely accom- 
panied economic development or was a help or a hindrance, that depends a great deal upon the relation be- 
tw’ccn population and resources in the various countries. So far as the countries of new settlement were con- 
cerned, there is little question that the growth of population in those countries greatly speeded the growth 
of development and made possible the exploitation of the economics of scale which raised both the pace and 
the level of industrialization. At the same time the countries of western Europe, when they felt the impact 
of rapid growth of population, were able to avoid the possibly damaging consequences of too rapid growth 
of population because of the possibilities of emigration which existed during the nineteenth century, 
part of which was the more rapid growth of population in countries of new settlement. When we think of 
the situation today with respect to that part of the world which is poor, we again have to distinguish between 
those countries in which population pressure is relatively small and those countries in which it is already 
S CO' great. My understanding, however, is that in connection with programs of economic development one 
central question isan increase in the amount ofcapital equipment which is available per worker. The capacity 
of the underdeveloped countries to accumulate capital is naturally limited— partly by their own poverty, 
partly by the limited flow of resources coming to them from the presently industrialized svorld. It is a very 
serious question, therefore, whether out of that limited flow of capital, gathered cither from their own 
re-iourccs or from other parts of the world, a very considerable amount should have to be used, so to speak, 
to pise increments to their population or whether it should be rcsciwcd for increasing the amount of capital 
per head. I might .ask Mr Chcncry, who has had a great deal of experience with the present problems of 
underdeveloped countries, if he would like to add to what I have just said. 

CHENEFO': I think you have covered the main points about what is knowai about the past. If wc take 
recent growth rates there would not be very much relationship between population growth and per capita 
growth. Mo't of the notable examples of rapid growth arc not the countries of highest growth, but there arc 
‘orr.c th.ai arc. So I think the correlation between G.N.P. growih rates and pwpulalion growth, say in the 
1.:'! 10 or 15 years, is not high. It has much more to do w-ith resources, investment rates, and other things. 

TARZ\NT;LI.; 5?evcra! references have been made to biologists. As a biologist I would like to point out a 
few facts rf life. All life on this planet is dependent on sunlight, air, water, and soil. We often hear, free as 
air and cheap as dirt. Under our present industrial development, pure clean air is no longer cheap and if 
hri'.e tried to buy real estate recently, you know that neither is the soil. However, they arc basic to all 
!,fe. an ! the real K':»is of wealth is our natural resources. These countries that have depleted or do not have 
r:, rural rcrnurces arc really the poor countries. Those who have the natural resources arc not poor, whether 
the; arc ur-.derde'. eloped or rot, becaurc they arc the ones who arc going to accumulate the wealth in the 
f a'urc ! do r.n; th.hnV they ‘hould fee! loo sorry for themselves if they have not squandered through cxploita- 
t:^- t’ e r .ntturr.l ttr.ourccs. Wc think of gold as the basis of sscalth. It is the medium of exchange for natural 
!t- ■ ! r . s “ . If the rc'.'v.rrcee t.tc rrot for sal; or do not exist, what is its value? It is pretty, but sve cannot cat it. 

U y ere th-r.ts rr hungry enough, sou would give all the gold that you had for one glass of water and 
r- r r eal Si the things are sshat you cat and drink. That brings me to another problem sshieh I think 
f ; 're'; 'r.'! crthefc That is '.-.atirpcnutior!. Our resources arc renewable and nonrcncv.ablc. We .ire wasting 
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our nonrenewable, metallic resources, worldwide, by dumping thousands of tons out into the watenvays and 
down into the ocean, where they are spread over thousands of square miles and cannot be recovered — at 
least not in time to do us any good in the future. I think we do not realize what we are doing. For instance in 
Delaware Bay silver is found in the sediments at 500 ppm. In Florida the effluent from a water desalinization 
plant contained 2000 ppm of copper. The effluent from a shell-loading plant contained several hundred ppm 
of copper. Oysters in the receiving water contained several hundred ppm of copper. They were green. These 
materials are toxicants. They are double pollutants in that we are wasting a nonrenewable resource, and we 
are polluting the waters which are necessary to produce another valuable resource, food. We have to utilize 
our forest, our grazing land, and our agriculture lands to the utmost, because food and shelter are essential. 
When we exceed the sustained yield of our forests, the carrying capacity of our grazing lands, and deplete 
our soils we are using them as a mining operation rather than cropping them, and we are in serious trouble 
because we are reducing their productive capacity. In Arizona the stockmen carried out a program for the 
control of the predators. If you are interested in wildlife or know about it, you loiow that when their 
predators were destroyed the deer increased. They did increase greatly in the Kiabab Forest. They ate the 
browse that was their regular food. Then they began eating the leaves and twigs of the trees, they ate up as 
far as they could reach when standing on their hindlegs. Before they died they ate the trees to form a definite 
browse line. So when you walked out there you saw all the trees browsed off to that line as far as you could 
see. What the deer did was to destroy the browse that was their basis of life. Without natural restraints on 
their population their numbers increased to the point where they destroyed their food supply. When the 
consumption of vegetation by animals exceeds annual productivity, base-carrying capacity is progressively 
reduced and, if continued, disaster strikes. There is a balance of nature which must be maintained. With the 
removal of the predators, the balance was destroyed. This can happen to any animal. Man has no predators, 
and he has largely controlled his parasites and diseases, so it is up to him to see that his population does 
not get so great that in the name of expedience he mines and destroys the resource base. If this occurs, 
starvation and fighting over what is left wilt reduce the population to a level which can be supported by the 
reduced carrying capacity. In the future, uses of energy — except perhaps atomic — are going to have to be 
based on the sustained yield of renewable resources. We may have to come back to the windmill, the wood 
burner, and the old hay-burner, in other words, the horse. 

BRUS; I am an economist and I would not like to create an impression of returning recriminations. 
However, one of the aims of our presentation today was not only to help in a modest way the representatives 
of other disciplines present here, but also to get some necessary help from the distinguished audience of 
exact sciences in order to make the assumptions we usually make more precise and better founded. One of 
the most important problems from our point of view is the proper assessment of the degree of exhaustion 
of resources in the future. I am putting this to the representatives of geology and other sciences, not in 
order to press them for an answer now, because we are approaching already the end of our session, but in 
order to get an answer at all. What we got so far is very contradictory as far as the prospect of resource 
exhaustion (including technological progress) is concerned. Of course, in such a situation we will remain 
divided into optimists and pessimists because we can choose freely between very optimistic and very pessi- 
mistic statements made in this hall by the representatives of exact sciences. 

One of the main suggestions made by our group is that we need now conditions for acting in a much more 
selective way than it was the case in the past. This is one of the paramount requirements of the present situa- 
tion. We all like growth, but we like growth without pollution. So we have to find the means and ways to 
promote growth but to check pollution. Selective action makes, however, the business of resource allocation 
much more complicated. For example, Mr. Jaske, as an engineer, was probably right in complaining that 
the price of electricity and other kinds of energy is too low for accommodating (in economic sense) some 
technologically progressive methods of energy generation. May be from this point of view he is right, but 
he has to realize that the price system has many simultaneous fflnctions. This what might be perfectly right 
from an allocative point of view might not be right from, let us say, a distributive point of view and the 
role of prices in distribution of income. If an increase in prices of electricity, I mean a much more significant 
increase than even the one witnessed at present, is advocated, this could have a very profound negative 
effect on the life of hundreds of millions of people in lower income brackets. This raises a problem, and 
I think rightly so, of the application of a dual system of prices which would be a more selective kind 
of instrument. From this point of view the suggestions made here from the panel with regard to the combin- 
ation of some market and extra-market means of action indicate the need for institutions changes which 
would stand up to the necessity of applying much more complex solutions to the economic side of our 
questions. Of course, one has to be aware of the political, sociological, and other implications of such an 
approach. 

ABRAMOVITZ: It is the chairman’s role to be a moderator, and I would say to Mr. Brus that if he 
complains that our colleagues from other disciplines have not yet given us as much advice as we would like, 
he is invited, and we all are invited, to attend the plenary sessions that will take place this afternoon and on 
Thursday and Friday, and we shall lean a good deal more. Indeed, I think it would be best if I declared this 
meeting to have come to an end and at the same time point out that in preparation for this afternoon there 
will now at this time and in this room be shown a film which is presented by Mr. Higbie, the Chief of the 
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Division of Solid Waste at the U.S. Bureau of Mines, entitled “Wealth out of Waste.” The film takes 27 
minutes and Professor Marois feels that it is going to be a very useful preparation for this afternoon’s meeting. 
We are ail invited to stay and watch the film. In conclusion, I would like to thank all of the members of this 
group who attended today, not only those on the panel, but those in the audience who took part in the 
discussion. I think it was a very useM one. Thank you. 

HIGBIE; The Bureau of Mines has recently released a new film entitled “Wealth out of Waste.” It is on 
the subject of minerals processing, and includes the subject of recycling. It describes several waste disposal 
problems which we have in the United States, and shows how the Bureau of Mines, as a government organiz- 
ation, is attempting to solve these problems. It is, in our opinion, a good lead-in for this afternoon’s plenary 
discussion, and I do appreciate your giving up a portion of the lunch period to view this film. I hope that you 
feel that it is worth your time. 
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REPORT OF THE GROUP ON LONG RANGE 
MINERAL RESOURCES AND GROWTH 


H. Brown 

National Academy of Sciences, 2101 Constitution Avenue, Washington, DC, 

20418, U.SA, 


The working group began its discussions with the observation that the world is now divided 
into two major groups of nations. Some 930 million persons live in countries which can be 
called “rich” and some 2800 million persons live in countries which can be called “poor”. 
Per capita, consumption levels in the rich countries are about 20 times greater than those in 
the poor ones. As a result, the rich human minority now consumes altogether nearly seven 
times the quantity of raw materials consumed by the poor majority. 

The consumption of such commodities as steel and energy is increasing at about the same 
rate in the rich and poor countries. But the rate of population growth in the poor countries 
is some three times greater than in the rich countries and is increasing. As a result, the 
economic separation between the two groups of countries is widening. The proportion of 
raw materials consumed by the rich minority is increasing correspondinglj'. 

The future demand for raw material depends upon the answers to three critical questions; 

1. How affluent will the rich countries become? 

2. To what level will populations of the poor countries grow? 

3. How rapidly will the poor countries develop ? 

No matter whether our answers to these individual questions are optimistic or pessimistic 
in the absence of a major world catastrophe total demands for raw materials will grow in 
the years ahead to levels which are considerably higher than those of today. 

Where will the needed raw materials come from? What proportion will come from 
recycling? What proportion will we continue to extract from nature? 

Nature has concentrated the substances of which the earth is made in a variety of ways 
and in an infinite array of concentrations. The richest of these, which are usually not 
abundant, we call “ores”. But our definition of an ore constantly changes with time. When 
ores of higher grade have been consumed, we process ores of lower grade. When these 
have been consumed, we move to ores of still lower grade. Of course, the necessary tech- 
nology must be developed and the energy costs are increased. Usually, but not always, the 
monetary costs per unit of output are increased. Often the environmental costs will be high 
— or, as a corollary, if the environmental costs are to be kept low, the energy and monetary 
costs must be increased still further. 

Another important factor to be kept in mind is that the development of mineral resources 
takes time. Exploration, assessment, and the development of new technologies can be major 
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rate-limiting factors in the availability of raw materials no matter how much money one is 
prepared to spend. 

An especially important aspect of the availability of raw materials being used by man today 
is that for the most part they are not evenly distributed. The industrialized countries are 
using increasing quantities of raw materials removed both from their own lands and those 
of the developing countries. Most of these minerals are processed directly in the developed 
countries, greatly enhancing their value. This situation has already created numerous diffi- 
culties. The group foresees the possibility of even more difficulties in the years ahead as 
the developing countries increase prices of certain raw materials still further, as they 
reserve them for their own industrial purposes and as competition among the rich countries 
for resources increases in severity. 

There was a consensus that the availability of mineral resources based on present trends 
could limit the future development of mankind. However, given adequate exploration, 
research, and development, sound conservation practices, recycling, and substantial capital 
investment, supply could reach the level necessary to provide an adequate level of living for 
the anticipated world population 50 years from now, provided it is stabilized. 

It was also emphasized that the demands for freshwater are increasing rapidly because 
of increasing needs of agriculture and industry. The need for land is likewise growing, yet 
its availability is decreasing year after year because of the expansion of cities, industries, and 
highways. 

As an important element of lessening the growth of demand, the group appeared to be in 
general agreement that manufactured goods should be designed in such a way that their 
lifetimes are increased, their contents of valuable raw materials are minimized, and so they 
can be recycled or otherwise utilized efficiently from the points of view of energetics and the 
environment. 

There also seemed to be a consensus that growth rates in human society should be 
decreased, consistent with humanitarian objectives. Particularly critical are the growth of 
affluence in the rich countries and the growth of population in the poor ones. On the other 
hand, most of us agreed that the economic development of the poor countries should be 
accelerated with the objective of eliminating poverty and misery as quickly as possible. It 
was noted that this commendable objective would not greatly increase the worldwide 
demand for raw materials for several decades. 



PROPOSITIONS D’ACTIONS 


C. Guillemin 

Direcieur du Service Geohgique National, BRGM, BP 6009, 45018, Orleans, 

Cedex, France 


Les instances gouverneraentales et internationales doivent encourager moralement et 
materiellement les actions concourant a la mise en evidence de ressources nouvelles ou a 
I’extension de gites deja reconnus. Pour cela devront etre developpees les recherches permet- 
tant d’ameliorer les methodes de prospection et d’evaluation des gisements, les technologies 
d’extraction et de valorisation des minerals et des materiaux. 

Toutes ces actions devront etre completees par des etudes portant sur une exploitation 
plus integree, une utilisation plus rationnelle des matieres premieres minerales et sur une 
recuperation accrue des dechets et rejets. Elies devront aussi tenir etroitement compte de 
la preservation de I’environnement et de la protection des autres richesses naturelles (eau, 
sol, air, paysages, etc.). 

De plus, il est important de proceder a des analyses geoeconomiques integrant les reserves 
et ressources des differents pays, leur developperaent economique et politique, les pros- 
pectives demographiques et les possibilites energetiques qui leur sont propres. Cela permettra 
d’aboutir a des scenarios plurinationaux d’utilisation et de gestion rationnelle des ressources, 
preludes a des propositions de mod^es mondiaux. 

Le plan d’actions a entreprendre dans I’immediat devrait done comporter les points 
suivants: 

1. un inventaire previsionnel et prospectif semi-quantitatif dans chaque pays des 
reserves potentielles avec un indice de fiabilite qui sera fonction des connaissances 
geologiques locales; 

2. le developpement de la methodologie de la prospection (en particulier recherches 
indirectes de gites caches) et des techniques d’evaluation des gisements (modMes 
mathematiques) ainsi que I’amelioration de la technologie miniere (exploitation et 
valorisation des minerais); 

3. I’etude de systeme de disponibilite energie-ressources etant donne que la demande 
energetique est un facteur limitatif important de la croissance, I’estimation des couts 
energetiques en fonction des types de gisements, des modes d’exploitation, des con- 
ditions geographiques et economiques, devrait perraettre de selectionner les types et 
les systemes d’exploitation les plus economiques en energie; 

4. I’accroissement des transferts scientifiques et ecologiques des pays developpes vers 
les pays en voie de developpement, en particulier en creant ou en developpant dans 
ces derniers des organismes d’Etat pour la recherche geologique et miniere, la pedo- 
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logie et I’hydrologie de surface travaillant en ctroitc cooperation avcc des organismes 
internationaux; 

5. I’ctude de modcles geoeconomiques sur Ics materiaux oii mctaux les plus typiques 
liant teneur et conditions d’exploitation et conduisant a des scenarios mondiaux de 
gestion des ressources. 

Dans le domaine particulicr de la recuperation des ddchets, le groupe pense qu’il faut 
intervenir par des mesures legislatives et 6conomiques mises en place par les gouvernements 
au niveau : 

— de la production des dechets, 

— de la realisation du recyclage, 

— du marche des produits recycles. 

Au niveau de la production des dechets, il est notamment necessaire: 

1. de faire I’inventaire des dechets par type d’activites, lieux de production et contenu, 
en tenant compte de leur variation dans le temps; 

2. d’intervenir au niveau de la conception des produits de consummation de fa^on que 
soient produits ou fabriques des biens de meilleure qualite plus durables et plus 
facilement recyclables; 

3. de faire supporter les frais d’elimination des rejets a ceux qui les produisent et de les 
inciter a separer le plus possible leurs dechets des la source. 

Au niveau de la realisation du recyclage: 

4. il faut que les decisions soient prises apres des etudes completes des avantages et 
inconvenients, en utilisant I’analyse des systemes; 

5. il faut agir sur les habitudes nefastes actuelles du goQt de I’ephemere, au moyen de 
rinformatlon et de I’education de I’ensemble de la soci6te et pour cela utiliser au 
maximum les moyens audlo-visuels actuellement tournes vers la consummation; 

6. les gouvernements doivent faciliter la recherche technologique dans le domaine du 
recyclage, encourager les initiatives et demonstrations a I’echelle industrielle de 
nouveaux precedes par des subventions ou des allegements fiscaux; 

7. il faut prendre les mesures economiques indispensables pour que des solutions 
avantageuses pour I’humanite deviennent rentables pour ceux qui les mettent en 
place (en particulier en internationalisant certains couts ou avantages externes au 
moyen de taxes). 

Au niveau du marche des produits recycles: 

8. il est necessaire de normaliser et d’egaliser la situation entre materiaux naturels et 
materiaux recuperes, dans les specifications des produits et les couts de transport 
par exemple; 

9. il faut regulariser a I’echelle nationale et mondiale les cours des dechets pour 
permettre des previsions et des contrats d’une duree suffisamment elevee pour 
normaliser la profession de recuperation et faciliter les investissements; 

10. enfin, les gouvernements doivent montrer I’exemple en achetant davantage de 
produits recycles et en les imposant dans les marches d’Etat. 

De telles mesures devraient permettre a la recuperation de se developper et a I’humanite 
de profiter des avantages qu’elle apporte pour I’economie des ressources naturelles (res- 
sources energetiques et minerales) et la protection de I’environnement. 
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SHELDON- On tlie morning of the first day of our colloquium, the group discussed three aspects c' 
resource availability and depletion. First, what is the potential of world mineral resources? And how A\cli 
do we understand them? Second, what investments must be made by mankind to win them from the crust 
of the earth? And, third, what is the future prospect for the world mineral demand being met by primarj- 

^^Taking these up in order; the world mineral supply is directly derived from the known reserves of minerals, 
that is, those deposits identified and measured and economically profitable to mine. Tiic reserve of most 
minerals will last only several decades, but this Is no cause for alarm as mining companies usually only 
develop a reserve large enough to justify their investment, and they add to reserves only at about the rate 

thattheymine. r , • , . , 

A.partofpo/«i//fl/rcscn’es arc the mineralized rock from which the known reserves arc discovered. They 
are a different thing entirely. They arc undiscovered, unmeasured, and unevaluated. Estimates of their sice 
must be predicted by geologists using their scientific tools. Such estimates have been made, albeit crudely' 
and with very- little data, and these preliminary results arc cause for alarm. In general tlicsc potential rcserws 
are about equal to the known rcscircs, or arc larger only by a factor of 2 or 3. It should be realized, though, 
that these potential resers’cs arc conservatively estimated, and this estimate can be c.xpcclcd to increase with 
scientific advance and collection of more data. 

Also, it should be kept in mind that the other p.art of potential rcscrc’cs include rock tliat is presently' 
uneconomic to mine but can be mined in the future. So another way we can extend our primary supplv is 
to learn how to economically extract minerals from tliosc deposits that at the present time cannot N mincvt 
at a profit. This takes research and development in order to improve extractive and refining technolc'gy. 
The increased amount of minerals that this process will add has not been estimated at all. 1 ts size dcivnds on 
both the success of the R & D effort and tlie amount of .subcconomic mineralized rock that exists as wl! as 
the price of minerals. Even though much of this R & D effort will be successful and even tliough much sul'- 
economic mincraUzed rock exists, it seems likely that the increased mineral supply from this source is limitcvl, 
at least for many minerals, for the following reasons. 

It appears that the tonnage of some and perhaps most minerals docs not increase ns the grade of the ore 
decreases, as was thought in the past. In fact, the tonnage may decrease as was shown to be the case for the 
copper deposits of Chile, a major source of the world's copper. Tims, subcconomic resources may not be 
much larger than the economic resources, contrary to the assumptions of some modern economic models, 
and this may place a limit on the supply of some primao' minerals. 

How about improvements of technology? Tlie exploitation of minerals is energy intensive, In fact, the 
availability of cheap energy was a major factor in the recent technologic advance. It has been s/ioivn ina 
® the grade of de^msits decreases and their dcptli and remoteness increase, energy costs go up exponentia ) • 
escalating world energy prices also, may place a limit on the future primary mni 

The swnd major subject of concern to the session was the investments required to bring resources in 
production. , 

needed to help the functioning of svorld mineral ^creas/ng 
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Investments are needed to increase the mineral production capacity of the nations of the world if their 
mineral potential is to be realized. Important investments in this area include: 

1. The training of mineral scientists and engineers to meet the present world manpower shortages in 
these critical fields. 

2. In the developing countries, investments in training managers of mining operations is especially 
needed to decrease the lag time between discovery of a mineral deposit and its production. 

3. Finally, the investment capital required to increase the production capacity in all parts of the world 
is enormous. Where is this capital to come from ? The mining companies of the rich nations are making 
low profits relative to other industries and are presently incapable of generating their own capital. 
In the poor countries, even government capital is insufficient. Despite the source of the capital, it must 
be found and invested if the world mineral production capacity is to increase. 

The final topic discussed in our session was the prospect for world demand for minerals to be met in the 
future. It was generally concluded that at the present exponential increase of demand there is no chance it 
will be met. Exponential growth cannot last in a finite world. 

This does not mean that growth of supply cannot occur, however. Man creates and drives his mineral 
supply system by (1) finding mineral deposits, (2) where they can be legally exploited, (3) with available 
mining and processing technology, (4) at a profit, and (5) with damage to the environment that is socially 
and biologically tolerable. There is little doubt that he will achieve additional success in this process, but 
at the same time these five necessary conditions to mineral supply impose potential limitations to their 
availability. Hence the five factors limiting the future primary mineral supply system are geologic, political, 
technologic, economic, and environmental. 

The present status of knowledge of these factors makes an accurate prediction of future mineral supply 
impossible. Therefore, it is of first order importance to improve this knowledge. It is imperative that a 
substantial program of scientific, technologic, legal, political and economic research be addressed to these 
problems on a worldwide basis. It is imperative to construct a computerized model of the world mineral 
supply system to investigate the interaction of controlling factors. 

In the absence of such a model, the following scenario, intuitively developed from existing trends, was 
suggested. 

To meet demand for minerals, man would have to find increasing amounts of deposits which themselves 
become ever harder to find. Even with maximum science and technology, which seems unlikely to be 
achieved, this effort will fall short. 

To meet demand, we would have to produce our minerals from increasingly leaner, deeper, and more 
remote deposits. Even with maximum technology, this effort will fall short. 

Mineral prices will rise, and an increasing amount of society’s efforts will go into supplying its minerals. 
The growth rate of mineral supply will level off or decrease, and in the long term be reversed so that supply 
itself will probably decrease. 

This process probably will begin slowly so that the start will not be readily apparent, and the start \vill 
come earlier for some minerals than others. 

Therefore, burgeoning demand of man for minerals will not be met, his desires to raise his level of living 
and extend it to all men will not be satisfied, and social, political, and economic institutions will have to 
adjust accordingly. 

BROWN : Thank you very much. Dr. Sheldon. I would now like to open the floor for general discussion 
of this problem of resource availability and depletion. Feel free to ask questions or make comments of 
reasonable length. 

PIORE: A year or two ago there was much discussion of being able to explore potentially from satellites 
for minerals. Is that just a dream, or what has happened? 

SHELDON: Considerable research is going on in this area. The major impact is with the new earth 
satellite which is flown by N.A.S.A. with the data made available by N.A.S.A. and the U.S. Geological 
Survey to all the countries of the world who ask for it. There is no question but that this is a valuable tool — 
especially in unmapped areas. There is some very sophisticated research going on to see whether messaging 
by a computer, the data of which are digitized imagery in four wavelengths, will not help. Some promising 
results are turning up. However, it is only a tool and it can only see less than a millimetre into the surface 
of the Earth. As far as a panacea to greatly increase the mineral supply of the world, it just will not happen. 

HORVAT : I am an economist and I am a little bit disappointed by the way that our colleagues have 
presented their forecasts. I have not seen any reason for their pessimism. It is true that some minerals are 
exhaustible. But it is also true that the total supply of minerals is Inexhaustible for all practical purposes 
because it is millions of times the present consumption of them. Long before any particular mineral will be 
exhausted the price will go up and the supply and demand will be brought into equilibrium, by substitution. 
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and by saving devices of that particular mineral. I really do not see any reason why the present situation 
should be different from the past situation, since all the time we have been using poorer and poorer ores 
and all the time, on the average, prices of production have been going down, not going up. There have been 
exceptions for several minerals, but then the prices for other minerals have been lowered to such a great 
extent that on the average there was no increase but a decrease. I can see only two reasons for this pessi- 
mistic reasoning. One is unjustifiable identification of supply of particular minerals with the total supply 
of minerals. The other one is an unconscious assumption that the future generations will be much more 
stupid than the present generation and that the technological progress will dry out. 

SHELDON: I should like to make one or two remarks on that. First, one issue that we were addressing 
is whether or not the supply will keep up with the demand that is being projected. That demand consists of 
estimating the amount required to at least hold affluence at its present level and spread it across the rest of 
the world to developing countries. I think our conclusion was that that sort of a goal was going to be very 
difficult to obtain. Second, if it is a matter of supply decreasing, raising prices, and thereby lowering demand, 
I do not argue with that at all, I think that will happen. But the real danger signals that we as geologists see 
are the supply of rock that is mineralized, and that it has a high enough grade to be remotely economic, is 
very limited. Also, the advances of technology are certainly going to be limited because the very basis of 
advancing technology has been cheap energy. As we go to lower grade, deeper and more remote mineral 
deposits, the energy costs go up exponentially. There has to be a limit to it. 

GUILLEMIN : Je croyais que notre conference concemait le long terme, pour ne pas dire le tres long terme. 
Or, certaines des questions qui ont ete evoquees, notamment dans le domaine monetaire n’ont evidemment 
une grande importance que dans un avenir relativement court. Aussi n’etait-ce pas le sujet de mon interven- 
tion. Je snis tout hfait d’accord avec notre collogue Yougoslave pour penser que pour le tres long terme, il ne 
pent y avoir de vues vraiment pessimistes sur I’avenir des ressources en matieres premieres minerales, ne 
serait-ce qu’en nous souvenant que nous vivons sur un tas de roches spherique d’environ 12 000 km de 
diametre. Ndanmoins, comme je I’ai deja souligne, il est clair que pour utiliser ces ressources il faudra faire 
appel a des quantites d’energie toujours croissantes, et la seule vraie penurie possible, e’est celle de I’dnergie. 

JOY : I will be very brief because Dr. Guillemin already said one of the things I wanted to say, and that 
is the limits of technology. This morning I have felt very flattered, being a member of the mineral processing 
expertise, at the confidence being shown in us in being able to continue to develop new methods which will 
be less energy consuming and just as cheap as the existing methods. I think that somebody should have 
pointed out that we are battling against nature and against the third law of thermodynamics and the amount 
of work which nature put into disseminating the ore. The ore is now very nearly, as Dr. Guillemin said, at 
the limits of our modem technology; this is coupled with the fact that the basic requirement of energy in 
order to extract the finely divided material just on a pure thermodynamic basis regardless whatever process 
you can invent, increases exponentially as the fineness and the dissemination of the ores increases. So there 
is a crisis point coming soon. Finally, your second point, sir, seems curious because it is begging the question. 
You said that the assumption was that the future generations are going to be as stupid. Well, surely, what we 
are doing right here and now is endeavoring to plan to ensure that the future generations will not be so 
stupid. The forecast we are giving is naturally therefore based on the assumption of what would happen if 
the future generations were as stupid. 

HORVAT: Whether future generations will be more stupid or less stupid politically, I just do not know. 
They may just blow up the whole world. This is not what I was talking about. I only questioned the assump- 
tion that their intelligent quotient v/ould be lower than ours. Because this assumption implies that if you 
take the present level of technology and then extrapolate the future means for resources because together 
with the future needs our resources and our technological knowledge will be growing. I question the 
assumption that this flow will dry out. If it will not, then we may extrapolate the present trend which has 
been not the increasing costs but the decreasing costs of minerals. 

SCOTT: May I follow up the point that my neighbor, Horvat, has just made? I was struck by the remarks 
of Dr. Sheldon laying out the possibilities — ^very clearly but, if I may say so, in a way that was already 
familiar from our chairman’s book, the Challenge of Man's Future, from the Paley Commission Report 
before that, and from the U.N.S.C.U.R.R. Report shortly after the Second World War; indeed, from the 
Coal Question by Jevons in the middle of the nineteenth century. The element which is new to me in what you 
gentlemen have been saying is the emphasis on the energy requirements for mineral exploitation. These 
were not — in those early reports — stressed to the same extent as you do today. I find that interesting. Now, 
if I may come to the support of Mr. Horvat (although he may want to reject my support). Mr. Harrison 
Brown said at the beginning that energy costs must rise. Your implication is, I think, that the energy costs 
of a ton of assorted metals have gone up in the last 100 or 200 years, and that, to extrapolate, they will 
continue to go up at the same rate. But neither Mr. Horvat nor I are sure that that is what you are claiming. 
You seem to be saying that with present technology, that is, with today's knowledge, to go to lower grade 
ore materials, you must use more energy. That must have been true 100 years ago, and indeed 1000 years ago. 
What we want to know is whether, with foreseeable changes in technology, you really expect that energy 
costs per ton of ore must rise. I think ours is quite a different question and I should be very glad if you could 
give us some help with it. 
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SHELDON: I should like to remark about the currency of the Paley Commission Report. For the rest of 
the audience that are not familiar with this report, it was a commission that was established by the American 
government in the fifties to make a study of the future of the mineral supply of the country. They had some 
very outstanding individuals on the Commission. For the most part it was an excellent report. However, it 
was flawed in one very critical sense; they dealt only with reserves and did not deal with potential reserves. 
They did not try to grapple with the very difficult problem of trying to estimate how much is left to be 
discovered. Two more modem studies have been made. One was a study by the U.S. Geological Survey that 
was published in 1973, called “The United States Mineral Resources”. Another was a Presidential Com- 
mission on mineral recovery which was chaired by Dr. James Boyd, a past director of the U.S. Bureau of 
Mines. Both of these studies have approached the problem in a complete sense, dealing not only on the basis 
of the basis of reserves but also on the undiscovered resources. It is when you do that that all these other 
arguments begin to fall down. You begin to realize that you cannot simply keep going to lower and lower 
grade ores. In the first place, for the most part, they do not seem to exist. This excellent study by Dr. Carlos 
Ruiz, which was reported to our session on the copper ores of Chile, showed this in a very predse way. I 
do not want to answer the second part of your question. Other people are more able to do it than I. But I 
think that is an answer to the first part. 

GAUTSCH: Je souhaiterais que nous nous arretions un instant sur le probleme des investissements et 
des capacity de production a long terme. A la diffdrence de notre distingue collegue, qui est intervenu tout 
a I’heure, je suis non point economiste, mais geologue minier, et e’est aux economistes que je vais lancer un 
appel. Peut etre la conference n’a-t-elle pas mis suffisamment I’accent sur les rapports qui existent entre le 
devenir des matieres premieres minerales et la remise en ordre du systeme mondtaire international. Ainsi 
que j’ai eu I’occasion de le dire dans mon inteix’ention, les pays en voie de developpement, tout en cherchant 
tres legitimement a transferer chez eux la technologie appliquee a la transformation des matieres premieres 
auront besoin pendant un temps encore assez long de disposer de moyens d’echange et de paiement, ne serait- 
ce, precisement, que pour asseoir les moyens de leur developjjement industriel. Or, dans les circonstances 
presentes, ces pays ont le sentiment qu’ils vont echanger leurs matieres premieres, e’est-a-dire en fait leur 
potentiel d’avenir, centre des creances-papier, fussent-elies libellees en dollars ou en francs suisses. Cela 
est deja vrai pour certains pays petroliers, cela risque d’etre vrai demain pour certains pays exportateurs de 
phosphate (et vous connaissez I’importance de cette matiere premiere pour le developpement mondial de 
I’agriculture), cela sera peut-etre vrai apres-demain pour certains producteurs de metaux, tel retain, dont 
vous savez aussi que les reserves mondiales sont relativement limitees. Alors la question que je pose est la 
suivante: cette situation n’aura-t-elle pas une incidence directe sur I’exploitation a venir des ressources natur- 
elles, car il se produira dans les pays detenteurs de ces ressources un reflexe de frein aux investissements de 
recherche et de mise en valeur? Etant donne les difficultds qui existent par ailleurs de prevoir des limitations 
pouvant s’exercer sur la consommation, les &onomistes et les financiers rendraient un service signale a 
I’humanite, s’ils trouvaient les moyens de supprimer cette entrave aux investissements pour I’avenir. 

LEHMAN: Je suis tout a fait d’accord avec notre collegue Yougoslave pour penser qu’a tres long 
terme, il ne peut pas y avoir de vues waiment pessimistes sur les ressources minerales dont nous pourrions 
avoir besoin, ne serait-ce qu’en nous rappelant que nous vivons sur un tas de cailloux spherique d’environ 
12 000 km de diametre. Neanmoins, comme il a ete dit, il est clair que pour disposer des produits mintoux 
soit actuels, soit non-employes actuellement, dont nous aurons besoin dans le futur, il faudra faire appel 
davantage a une consommation d’energie accrue, et la seule penurie possible est evidemment celle 
d’energie; e’est parexemplele cas de I’aluminium, dont I’emploi n’existait pas il y a cent ans, et I’aluminium 
est le produit de cailloux sans valeur il y a cent ans et d’energie. Aussi ma question est la suivante: demain 
matin se tiendra le panel sur les Ressources Energetiques a Long Terme: nos collegues geologues et mineral- 
ogistes qui discutent aujourd’hui ont-ils remis a nos collegues sur I’energie qui discuteront demain matin 
leur plan a long terme sur la part de I’accroissement des besoins energetiques du globe qu’il sera necessaire 
d’ajouter aux previsions faites sur la base des besoins consaerfc aux consommations actuelles d’energie? 
Autrement dit, avez-vous commence. Messieurs les geologues, a prevoir de combien d’energie supplementaire 
vous aurez besoin pour exploiter des mineraux qu’on n’exploite pas aujourd’hui, et puis-je emettre le voeu 
que vous remettiez de telles previsions avant la reunion de demain matin, qui en aurait certainement un 
besoin capital. 

GUILLEMIN : Je vais me permettre de vous repondre. Je vous dirai simplement que nous ne risquons 
certainement pas de remettre de tels renseignements a nos collegues du panel sur I’energie, pour une raison 
simple; e’est que nous avons commence a nous occuper du cout energetique de transformation des minerais 
en metaux depuis extremement peu de temps, e’est-a-dire depuis la crise de I’energie. N’oublions pas que 
le Comite Encrgie du 6eme Plan n’envisageait pas dans son rapport final, la possibilite d’une augmentation 
substantielle du prix du petrole. Nous ne sommes certes pas plus intelligents que les energeticiens et e’est 
seulement maintenant que nous commen?ons a nous pr^ccuper du cout energetique des minerais. 

SHELDON : I should like to add to those remarks by Dr. Guillemin. It certainly is the case that the energy 
requirements are going to go up for mineral production per unit of metal. That is the energy cost in terms of 
Btus. Whether the energy costs in actual financial cost goes up depends on the cost of energy. If we get a 
successful fusion reactor and there really is extremely cheap energy, the point can be raised in that event. Is 
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there going to be a shortage of minerals? In this case of extremely cheap energy there are still some funda- 
mental factors which limit the mineral supply. One of these is the damage to the environment. Another 
resource that is absolutely essential for technology and for the processing of minerals is water. This is a 
resource in the shortage category. There is a finite limit in the amount of water. One last point I should like 
to make is that no amount of research by engineers or scientists on the technology of mineral processing 
or mining can overcome the basic amount of work required to mine rock. And to break the chemical 
bonds between let’s say lead and the sulfide in the mineral galena or any other mineral that you want. 
So technology does not overcome the laws of nature. This is a point that Dr. Joy was making and. I 
endorse it. 

BROWN; Thank you, I would just like to add to that. Many of us probably feel that it was probably 
not right to separate the minerals’ availability discussions from the energy discussions. You really cannot 
divorce the two. In a sense, what is a resource depends markedly upon the availability of energy. 

AUGER: The report mentioned quite rightly the question of waste, production of waste material, and 
recycling of waste materials. One of the tendencies which I believe to be a dangerous one, and is increasing, 
is the tendency to produce and put on the market throw-away objects. We have started by throwing away 
bottles and then ballpoint pens, producing shirts which cannot be washed or socks which cannot be mended 
and have to be thrown away. We are now throwing away our cars. We are throwing away everything without 
even trying to repair it or use it for a longer time. The report mentioned some possibilities against this 
tendency: legal ones of course. One could prohibit the production of flash lamps which cannot be fitted with 
new batteries and have to be thrown away. One could stop this kind of production, or could try to make 
fashionable the repairing of instruments or the use of recyclable materials. I know that in California, for 
example, it is now fashionable among the young ones to use glass bottles which can be put once again in the 
circuit and not to use plastic materials which have to be thrown away. A fashion like that could probably be 
encouraged. I wonder if the report is sufficiently strong on that point. 

BROWN : Might I say, Mr. Auger, that the greater part of our discussion here will deal with the problems 
of recycling. So this will be discussed. 

BLACKSHEAR: I should like to come back to the problem of going to lower grade ores, recycling, and 
the costs involved. Awhile back, Alvin Weinberg and his associates made an estimate of these costs. He 
included the mining of lower grade ores that were in abundance (iron, aluminum, and magnesium) and 
estimated the energy cost for a world population of 15 x 10<* and a level of development of U.S. in 1970, i.e., 
10 kW per person for recycling scarce metals, 2 additional kW per cap per person would be required over 
present energy costs, whereas for iron and aluminum the added cost is 0.1 kW; water by desalination would 
require 0.3 kW, and so on. The intensive use of low-grade ores and the attendant need to manage waste and 
to purify water amounted to 6 kW extra per capita, I wonder if your group had considered Weinberg’s study 
and had rejected it for some reasons you have not told us? 

HAYES : If you will just wait for the next one or two reports, I think this will all come out. 

LEWIS: I think the best affiliation is atomic energy. We have been referred back to Gibbons and to the 
Paley Commission Report. But there is a lot more literature besides that, I am surprised that no one has 
referred to the 556-page book. Energy in the Future, by Palmer Putnam, who in 1950 foresaw that in 1975 
the price of oil would probably have risen because of the demand to the state that the synthetic hydrocarbons 
would be coming in. None of these forecast books is ever right throughout, but there is a lot to be had from 
them. The problem that you are tackling at the moment with Dr. Horvat is a very old one — the argument 
between the geochemist and the mining engineer. The mining engineer does not find very much that is 
cheaply available; the geochemist tells him there is a lot there. The thing I really rose to speak about was 
this statement that as you go to work lower grades ores the price goes up exponentially. This does not mean 
a thing. It is a question of how long. Nuclear energy will be available, very cheaply, if you do not ask for it 
tomorrow. It is a question of time. The active effort is required to build up the capital, to have it, but when 
it is there it is very cheap. At the present time the performance is that we get as much energy out of a ton of 
natural uranium as out of 28 000 tons of the best coal. That is the present practice. We can see going over 
to thorium instead of uranium and this figure going up well over 100 000 tons of coal, that much energy 
for a ton weight of uranium or thorium in the fuel. This will be at a very low cost in terms of man hour 
effort to produce it. But you have to wait to take this exponential rise far enough for this to be significant. 
We are not on that significant level yet but certainly within the next 50 years, really within the next 30 years, 
we will be on a significant level there. So what we want to know is how rapidly the energy demand will rise 
on your predictions — because I assume that you are really looking at this question of the ore quality in a 
number of significant mineral resources — how rapidly will it rise in relation to the demand? 

SHELDON: I certainly agree that that is a very important question to answer. That is one of our recom- ■ 
mendations that such a study be made. I should like to observe also that in the case of obtaining energy 
from uranium, it is only if you have the fusion reactor that prices can be so low that you can stop worrying 
about these exponential costs, because the resources of uranium are much more limited than anyone ever 
thought-— you shake your head, but they certainly are. 

LEWIS: The suggestion that the uranium resources are lower now than anyone ever thought — find this 
preposterous. 
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Icrm, that man lias no altcmalivc but to develop recycling to (he highest point possible. Solid waste collected 
annually in the United States— I am not going to bore you with many figures, so do not go back to sleep — 
includes 30 million tons of paper and paper products, 4 million tons of plastics, 100 million tires, 30 billion 
bottles (that’s a lot of beer), 60 billion cans, million of tons of demolition debris, grass, and tree trimmings, 
food waste, and millions of discarded major appliances. Of our waste materials, on a percentage basis, 
organic refuse, including paper and plastics, make up about 70% ceramics and glass about 10%. Metals— 
mostly iron— make up about 10%. It is down in this metallic fraction, the smallest volume, where we have 
the goMtest resale value of material possible. But it is in the organic or in any energy fractions that have the 
lowest value and the largest bulk. It has been remarked — in a study by Brevard in Oak Ridge, that recycling 
aluminum requires only 5% of the original energy of reduction. In the case of iron it takes about 25% of 
the original iron cnergj' reduction to recycle iron. You go on up to the exotic metals like titanium and 
zirconium and it goes much higher, of course. Tlus is all covered in the Oak Ridge study referred to. It has 
been estimated that we could achieve a 2% energy saving in the United States simply by recycling the solid 
materials out of our waste material. There is a second type of energy saving besides that just in the metal 
bit. That is the use of the organic fractions as fuel. The paper, plastics, and garbage can be used as fuel and 
incinerated. They can also be transported into transportable, storable fuels. It has been calculated that 
the United States might meet 5 % of its cnergj’ requirements by following this scheme. Of course, the problem 
of collecting all the urban refuse and of utilizing them fully arc a long way from realization. The third 
point is a virgin resource saving of materials, of a materials orientation. The obvious truism is that for every 
ton of material saved we do not have to go and mine a ton of material out of the ground. This brings into 
pkay a fourth benefit— capital savings. As I have said, the capital required to produce material from recycled 
product or scrap is considerably less by several factors. Heaven knows we need any capital savings methods 
that we can promote todaj’. It is also a savings of pollution and control investment. This has become a 
fomtidablc part: 20% of the cost of a blast furnace is in the pollution and control equipment. This is a non- 
productive investment. I am not going to argue about the environmental part; I am saying that it is non- 
productive. And look at the tons of steel jou get per investment in constant dollars and see how much it 
has gone down in the last few jears and will continue to do so. I might point out that Rcjmolds Metals, 
which is one of the leaders of aluminum rccjcling in the United States (they arc all in it now), has estimated 
that their program of collecting cans, aluminum cans at collection points, is the equivalent of another 25 000 
ton potlinc. So this is a lot of energy and capital savings. Rccj’cling of municipal wastes necessarily implies 
certain resource degradation. Sj’stcms designed today can separate iron from aluminum and aluminum from 
glass and glass from paper, hut they do not do well in breaking down the subgroups of the aluminum alloys 
or different plastics. They cannot economically sort glass by color and they cannot sufficiently eliminate 
all of the grease and dirt, all of the contaminants of paper. So thus there is a resource degradation. While 
this degradation of materials is a limitation on rccj’cling it docs not have to be serious one. The virgin 
resource industiy can capitalize on rccj'cling to restrict the use of virgin ores for their highest and best use. 
One of our speakers addressed the point of plastics and energy and waste handling. Plastics contain about 
19 000 Btu a pound— about the same amount of energy as oil. So the implication is that crude oil and 
natural gas can first be directed into plastics and petrochemicals; its market value is many times the market 
value of petroleum products as energy. Petroleum products have to be made into petrochemicals and 
plastics and then can be recycled on the waste cycle into energy through incineration, pyrolysis, or hydro- 
genation. Some petroleum products cannot be recycled. These include fertilizer products which have raised 
com yield per acre by two-thirds and permitted the world to feed a larger economy. Obviously feeding people 
is more valuable than driving a second or third automobile. Let me digress at this point. It is not understood 
too well that ammonia is a widely used fertilizer, but the amount of energy to produce ammonia is somewhere 
between steel and aluminum. It is much more energy intensive than paper, copper, and steel. This is the 
reason ammonia goes from SCO to S120 to S250 a ton in about two years. It is the bidding for the energy 
short materials. We arc not short of materials; we arc short of available energy. I remarked, of course, 
that virgin aluminum can be recycled. The recycled makes good can stock and good castings. Similarly, a 
lot of iron is recycled to make lower-grade roll mill products and angle bar for which it would be foolish 
to use first-grade materials when you can get by with the lower-grade material for the particular use and 
reserve your virgin ores for higher specification uses. 

This, while it may be the least specific in terms of numbers, is probably the most valuable concept that 
comes out of recycling: the use of virgin resources to produce the highest valued products in the market 
place and in society necessarily allocates the highest amount of energy to the most valuable areas of con- 
sumption. Thus if there is one theme which runs through the recycling field in materials, fuel, capital invest- 
ment, and reallocation of resources, it is our ability to decrease our dependency on a commodity called 
energy which is no longer cheap and our ability to conserve that commodity while conserving on other ores 
as well. This may be our best assurance against the dire predictions that this is a technological level and 
socioeconomic level which will be unique in the history of the world and generally unsustainable. Recycling 
is not the total solution to these problems, but it can make a major contribution in the reorientation of the 
resource economy toward these goals. 
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BROWN: Thank you very much. I open the floor for discussion. 

HERBERT : I should like to give a few numbers relative to the energy savings from a total recycling plant. 
We have done an energy balance and I have some numbers I think some of the audience and colleagues 
here would appreciate hearing. This is the net energy available or the net savings in energy after you have 
spent the energy within the plant itself. If you go all the way to electricity, you can generate about 430 net 
kWh per ton of waste that is processed. From the iron that you recover from the plant you will save 616 800 
Btu per U.S. ton or 814 180 kcal per metric ton. On glass, you save 91 200 Btu or 120 000 kcal. On 
aluminum and other nonferrous materials, you will save 13 870 000 Btu or 18 300 000 kcal. Converting 
those energy units or the calorific units into electrical energy the net savings is 610 kWh per ton of waste 
processed. This does not, however, include the energy that was required to make the raw materials that are 
consumed in the manufacture of, say, iron and aluminum. In other words the energy to make the caustic 
soda and the soda ash is not included on the savings on the glass. 

YAROSH: Much of the discussion which occurred applies to the discussion on recycling and has to do 
with a concept that is gaining a lot of attention. That is the calculation of net energy costs both in goods and 
services and in all our activities. Although this was touched upon, it was not explicitly stated. It applies not 
only to the net energy costs or net energy yields of our activities — for example, the energy costs of mining 
for energy sources, the energy costs of producing even the equipment that goes into the mining processes, 
and the energy costs of recycling. For example, in the recycling of glass, I think the people at the University 
of Illinois Center for Advanced Computation indicated that the recyeling of glass — that is returning to the 
factories — is a much more energy-intensive process than the manufacture of returnable bottles. So the direction 
to go, for example, may not be recycling glass but rather the manufacture of returnable bottles. This whole 
concept of net energy yield I think is an enormously important one that we have to expand to all of our 
mineral activities, all our activities in mining, and in the many different things you have mentioned. I have 
seen early calculations that are looking at the net energy yield of our nuclear industry, the energy costs in 
extracting, in obtaining the energy yield from the nuclear industry. I should like to suggest this as an im- 
portant concept that we ought to examine in great detail in attempting to understand more clearly what the 
costs are of our activities, and perhaps an energy basis might be a very useful one for determining the 
directions we ought to go. 

HAYES: This is the name of the game around the world today. Part of our problems, of course, are the 
acuteness with which this energy shortage developed. Some people called attention to it 20 years ago, but 
really it is only in the last five when the cost of energy changes, as in the case of American coal, from 50 cents 
a million Btu to S1.50 a million Btu in 18 months; this shakes the very heart of industry. When you consider 
that the United States will have half of the natural gas in 1990 available that it has today, then rapid action 
is called for. 

HERBERT: With respect to the last comment about recycling glass, taking more energy than virgin glass, 
I think he is referring to a report by Dr. Bruce Hanlin, and in there you will find that he quotes as an 
authority on it one William Herbert, which is me. 

BROWN: I am sorry, he did not make that statement. He was talking about a returnable bottle. 

HERBERT: That is correct. He quoted me out of context and I disagreed with him violently and so did 
Ownes Illinois, the glass company, and he refused to change it. Do not believe what he told you in that 
report, sir. 

RHYS: Firstly, I would like to comment on the conclusions reached that recycling is not alsvays the 
answer. Quite obviously I agree with those conclusions. Recycling should really only be considered for 
certain well-defined situations. I use recycling in its widest term, of course, to include energy recovery. 
Obviously we should focus our attention on affluent areas, usually densely populated, producing and 
demanding consumer goods, and producing and demanding packaged goods. Packaging is often wasteful 
according to the standards the advertising media have conditioned them to expect. That is one thing we 
might just focus our attention on a little — the education of the public. It seems to me that if we concentrate 
our efforts, our recycling efforts, on such target areas, properly developed recycling will in fact almost always 
proridc a significant contribution, if not in absolute terms “the answer.’’ That is one point. Another point is 
that we have had a brief opportunity of considering recycling methods as they are today. Dr. Joy did the 
very best he could to bring to the attention of the people present one or two methods. Most of us here 1 
think realize that recycling in fairly original form of inorganics is perfectly feasible and the economics may 
be marginal or they may be in fact quite good. I really want to say that such ideas arc certainly not con- 
ceptual. The United States B.M. film probably emphasized that. They are way beyond the experimental 
stage. Some in fact arc starting to go on stream, though possibly at fairly low rates at the moment.^ The 
third point that I do not appear to have heard is anyone referring to recycling as a business opportunity I 
recognize that this conference has to have somewhat elevated ideals; nevertheless, we do live in a sordid 
commercial society and to quote the Americans, amongst whom I now live, “If it don’t make a buck, it 
just ain’t gonna fly.” A last point, made with deference, takes issue with Earl Hayes and his comments on 
the economics of color-sorting glass. If in fact he checks up-to-date information and the state of the art 
considerations, I think that he wall find that very often color sorting can be economic, and I would like to 
discuss it with him over a beverage from a rccj'clablc color-sortabic container. 
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HAYES; Well, in the first place I'm color blind, so he might beat me in that examination. Let us say it is 
like horse racing, there is a difTcrcncc of opinion that forms the industry. I did not discuss the economics of 
this, but recycling is a matter of economics and some of you heard me talk. In the old days we had the man 
who picked up old rags and paper and brass and iron. In the modem day we have much more sophisticated 
, techniques. Recycling really was not going too far as far as urban waste is concerned until the last few years 
when land became more expensive and sanitary land fills made the cost of burial much higher. Environmental 
considerations have pushed up the cost, and this unspecified cost is very, very real. In the last year all the 
economic considerations we have had of energy in our lifetime have been shaken to the very core. All these 
push rccjcling along at a pace that was simply not envisaged five years ago. In the last analysis it has to go 
in the marketplace. All sorts of nice considerations will not make it work. But environmental laws, high cost 
of energy, high cost of land— these will make it go. Docs that answer you? 

ZR AKET : I want to make some brief contextual comments on the use of energy in extraction, recycling, 
and processing of materials. 1 do not think there is any disagreement that we need to look carefully at the 
cnicicncy of the net energy costs on these kinds of needs. However, I think we arc losing sight of the larger 
question that was raised with resjscct to the use of technology in extending the use of resources. After all, 
it is the end-use ss'stem or systems which we have in the economy which arc of interest. Even though it might 
cost us— although 1 would not agree with this hypothesis— twice as much energy in Btu to extract resources, 
the fact of the matter is that we can pain factors of thousands in efficiency in the end-use systems. It might 
cost us today twice as much to extract the materials needed for computers but, considering the net energy 
used, computers arc a thoustmd times as clficicnt today as they were 20 years ago. Similarly, this can happen 
in our industrial systems, transportation systems, in our building systems, in our lighting systems and so 
forth. So in looking at what technology can do with respect to extending the life of resources, it seems to 
me that we must take a look at the total system in which technology can make a contribution. In this ease 
I feel very positive, as some of the previous speakers felt. 1 feel that we need much more rigorous economic 
and technical analy.scs of this situation rather than moralistic statements on how wasteful we arc. To deny 
the insufficiently developed countries the Ijcnefits of a mass consumption society on the basis that w’e have 
a set of finite resources w hich we arc going to start running out of in 30 or 40 years, is a statement that needs 
much more economic and technological analysis than just saying we arc being wasteful. 

CALLAHAN: As we meet to discuss water .as part of a plan of action for mankind in a world of tech- 
nological change, increasing population, and water demand, let us keep in mind that the world water supply 
has essentially neither increased nor decreased since the earth atmosphere was formed millions of years ago. 
While water use continues to escalate in response to an expanding world population, which is expected to 
double in the next 35 years, the total amount of .available water remains the same. 

Tlic uneven distribution of water resources has long been a problem. Droughts experienced in this and 
recent decades have prompted increases in water recycling and brought about a more general awareness of 
the benefits of reuse. Some major cities in the world already withdraw river water that may contain as much 
as 50% sewage affluent. Numerous reports attest to successful spray irrigation of sewage efiluents that 
stimulate crop production, and land spreading techniques have been used successfully to dispose of wastes 
and, at the same time, to reclaim or upgrade poor and despoiled areas. 

Artificial recharge of aquifer systems for water-supply storage and as buffers against salt-water intrusion 
is becoming more common. Thus, it would seem that there is no longer the question of whether water should 
be recycled, but rather how, where, and when it should be done. 

During tiicsc meetings we have heard of impending shortages of energy and minerals that may tend to 
limit the advancement or development of mankind. Of all of these shortages, none will be more important 
or more limiting than water. And, basically, we arc limited economically to the freshwater that falls on the 
continents and returns overland and underground to the seas. 

For the United States we can project water shortages in half of the country by the year 2000 based on 
present usage and technology. Changes in usage and improvement in technology might lessen the projected 
shortages, but with population increases there still w'ill be shortages and probably a deteriorating quality of 
life. 

The deteriorating quality of life that the world faces is caused by far more than population pressure. It 
is caused also by increased per capita demand, faulty teehnology, and mismanagement. With respect to 
water resources, one of the most common results of mismanagement has been contamination. Water, whether 
in a river or underground, is susceptible to contamination from both man and nature. As populations 
increase, the susceptibility for contamination increases. As land becomes more densely populated it becomes 
increasingly difficult to prevent contamination. Exclusive of man, the protection of water is dependent on 
the interrelated factors of climate, vegetation, soil development, and geologic and topographic conditions. 

It is man’s activities, primarily, w’ith which we are concerned here. How do water and agriculture fit into 
a world of development and recycling? Will people accept reclaimed water, and, if so, with what 
limitations? 

Water will be in greater demand. More will be required for irrigation agriculture, and consumptive use 
will increase. Return flows to rivers or to underground reservoirs will carry increased loads of fertilizers, 
insecticides, and herbicides. 
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In the 17 semi-arid western States of the United States, water withdrawn already is 90% of the dependable 
supply. About 20 % of that withdrawn is lost to consumptive use. Water use is increasing about 3 % per year. 
With the advent of oil shale development and surface mining and the water uses attendant to production and 
land reclamation, consumptive use is scheduled to increase dramatically. As a possible trade-off in water 
use, agriculture may have to return from the semi-arid west to the humid southeastern United States in order 
to lessen the impact of consumptive use and increased salinity of western rivers. 

In our session on water and agriculture we have heard of the experiences gained through studies and 
experiments. In Pennsylvania, U.S.A., animal wastes have been recycled on to the land to produce animal 
feed and trees. The farmed study area is in a temperate climate where annual precipitation is about 1000 mm, 
and they have successfully sprayed more than an additional 1000 mm of liquid wastes. Feed crops and trees 
have removed essentially all the nutrients, and the soil aided in the removal of bacteria and viruses. A 
monitoring system indicates that the water leaving the farmsite is of a good quality, including chemical, 
biological, and aesthetical characteristics, as the water in nearby streams. In other words, by recycling the 
wastes the entire environmental setting has been enhanced, and fiscal profit has been earned by a savings in 
fertilizers used, and feed crops and trees produced. 

The recycling of municipal wastes can and will be beneficial not only to the world of agriculture where 
much can be used, but to the cities which will be aided in solving their problems of disposal, and to the 
downstream users of the streams who will not have to suffer the problems of heavily polluted rivers. 

We heard the results of several years’ experiments on the recycling of municipal sewage sludge in the 
outskirts of Washington, D.C. by the U.S. Department of Agriculture’s Research Service. Questions that 
they are trying to answer include; whether the methods are economically and technically feasible; will the 
methods be politically and socially acceptable; what are the benefits and the hazards to soils and crops, 
animals and man? 

In a completely different environment, investigations of the hydrologic aspects of recycling water are being 
made in permeable carbonate rock of relatively warm and humid Florida, U.S.A. The region experiences 
an annual cycle of drought and water surplus. With the increased demand for water for agriculture, industry, 
and public supply, each succeeding drought causes economic hardship, and it is estimated that in the next 
10 years Florida may be the greatest user of recycled water. The recycling methods so far used include spray 
irrigation of waste water on green belts and golf courses, storage of storm runoff underground in permeable 
saline aquifers, injection of effluents from secondary or modified advanced waste treatment plants into deep 
saline water aquifers, and the use of digested sludge in the production of grass sods. 

A U.S. food processor has deliberately located food processing plants in rural areas where they have 
utilized the local environment to treat the waste waters of the processing plants. In one system, water is 
sprayed on sandy soil, where the quality is improved by filtration and plant production, and at another by 
utilization of an overland-flow system, where the soil is too impervious to permit high infiltration rates. Both 
systems have been successful in removing more than 98% of the B.O.D. for a period of several years. 

Studies have been made of a region where more than 2.5 million persons depend entirely on ground water 
for supply and where, until recent years, the water was almost completely recycled throng septic tanks and 
sewage treatment plants back to the underground. This resulted in deterioration of ground-water quality, 
with a significant increase in nitrate and other dissolved solids. Because of the limited supply of water, waste- 
water reclamation and ground-water recharge experiments have been conducted to determine the technical 
limits. However, the data indicate that in the recycling of water, the increase of total dissolved solids is 
inevitable. 

The city of Chicago, situated on the shores of the Great Lakes, has the problem of disposing of an ever- 
increasing volume of municipal wastes of several million persons. They have been recycling digested sewage 
sludge on farmlands and abandoned strip coal mines with good results. Data indicate that, among other 
advantages to the methods, viruses are not likely to survive the heated anaerobic digester environment and 
be transferred to the disposal site. The studies also indicate that the land has a limited capacity to accept 
digested sludge, and that if the limitations are exceeded some of the more soluble heavy metal constituents 
may adversely affect the growth of crops or result in the accumulation of some chemical elements in crop 
tissue at concentration levels that might pose a threat to animal or human health. The use of sludge on 
abandoned strip mines has improved the agronomic properties of the soil and helped neutralize the acidity 
of the overland runoff from the mines. 

A study of a heavily industrialized valley in Korea has shown that the infiltration of industrial wastes to 
the sands and gravels underlying the valley has permanently altered the chemical quality of the streamflosv 
that drains the area. The low flow of the stream, derived from ground water, has a pH and dissolved solids 
significantly altered from that of nearby streams draining agricultural valleys. 

The data being accumulated in present and recent studies indicate that the recycling of wastes and waste 
waters is technically and economically feasible within limitations. We are also re-learning what past civiliza- 
tions have learned; that wastes can be rec>'cled. 

The public must be educated to accept the concept of using reclaimed water and other reclaimed materials. 

A study of public attitudes [Brovold, William H., and Ongerth, Henry J., Public use and evaluation of 
reclaimed water, Joiirn. A U'iVA. 1972] made in California indicated that more than 50% of the respondents 
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to the sun'cy recommended against using reclaimed water for purposes involving personal contact. The study 
also showed that most persons favored treatment and reuse of waste waters but for purposes not involving 
significant personal contact. 

In conclusion, we have the following suggestions for your consideration: 

In (kvclopcd countries, far planning and conservation 

Tlie increasing rate of the total per capita water usage in developed countries is beginning to pose a serious 
threat to this limited resource. Developed countries should implement conservation of this resource by more 
cfTcctivc management and utilization of water for agriculture, industiy, and reaction, because the direct 
consumptive needs of man arc minimal and fixed. 

In developing countries, for planning and conservation 

Developing countries should incorporate in all their long term planning a sound program of water manage- 
ment and conscn*ation to insure against diminishing or diminished supplies that would result from overuse, 
improper development, or contamination. 

Effects of recycling 

The session on effects of rccjcling upon water and agriculture indicated that: 

1. Rccj'cling, properly controlled, can aid in: 

(a) reducing the impact of wastes and waste disposal on the hydrologic environment; 

(b) having a po-sitivc l>cncfit on agriculture and potential benefits to industrial and other uses; 

(c) improving effective use of water resources through improved water management. 

2. Rccj'cling, where technically feasible, may be implemented by various methods, among which are: 

(a) land spreading of treated cfilucnf, sludge, and animal wastes; 

(b) subsurface storage of effluents and storm runoff for treatment and reuse. 

3. Prior to implementation of recj'cling: 

(a) methods to be employed must be carefully assessed; 

(b) assessment must encompass broad aspects and details of the hydrologic setting; 

(c) consideration must be given to use of simulation and predictive techniques based on the current 
status of computer tcchnolog>' for modelling flow systems and chemical and biochemical 
reactions. 

4. Once implemented: 

(a) recj-cling must be adequately monitored and data continually evaluated in order to protect 
water resources; 

(b) care must be exercized in all types of recycling to insure that contamination of water resources 
and the biologically active soil 7.one is kept to a minimum. 

5. Recscling, even under the most favorable conditions, can result in some degradation of the hydrologic 

environment. 

6. Emphasis needs to be continued upon improving the ability to quantitatively simulate and predict 

the impact of rccjcling. 

7. In general, adequate technology exists to permit improved management and use of water resources 

through controlled rccjcling without unduly harming the hydrologic environment. 

BRONW: Tliank you very much. Because of the close relationship between this presentation and the 
following one 1 will defer discussion until after the next presentation. I would like now to call on Mr. G. 
Aubert who will di.scuss the effects of recycling upon agriculture. 

AUBERT: Lc titre de la discussion que nous devions avoir cst bien, cn effet: “Effets du recyclage sur 
ragriculturc". Et quoique, comme I'a fait remarquer dans la discussion lc Professeur Keiling, notre conference 
mondialc “Vers un Plan d’Actions pour I’Humanite” aurait dO comporfer un colloque tout entier sur les 
problcmcs dcs rcssourccs biologiqucs et de Pagriculturc cn particulicr, dans le peu de temps que nous avions 
a notre disposition il nc nous a possible de traitor que d’un seul sujet, d’un seul element, le sol. Le sol, 
qui cst unc rcssourcc organo-mineralc naturcllc, plus ou moins modifiee et transformee par Phomme. Le 
role du sol cst csscntici, d'abord parcc que e’est lui qui portc la vegetation, vegetation naturelle ou culture, 
gencratricc d’alimcnts, de biens cxtrcmcmcnt divers, vegetation qui permet le maintien de certaines qualites, 
de certaines caracteristiques du climat, de Patmospherc, vegetation qui concourt k garder a la surface du 
sol, a la surface de la terre, dcs lieux de repos, de detente et de loisir qui apparaissent de plus en plus neces- 
saircs. Et puis, pourquoi lc cachcr, lc sol par Pintermediairc de la vegetation cst bien 1 un des elements 
esscnticls qui nous permet d’utiliscr unc encrgic inepuisablc: 1 energie solaire. Mais a cote de ces roles du 
sol dans la vie de Phumanite, il cn cst d’autres qu’il nc faut pas mesestimer non plus, surtout quand on touche 
au problemc du recyclage, e’est lc sol comme support d’eiements k recycler. Il est done indispensable de 
maintenir Ic sol, d’evitcr sa destruction et, chaque fois qu’il est possible et que le sol a ete completement 
remanie, rctransforme par Paction de Phomme, cssayer de le recycler k proprement parler, pour que de 
nouveau il soit susceptible de joucr cc role trds complexc, extraordinairement important pour I homme, 
qu’il a a joucr. 
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Pour continuer cc qui vient dc nous clrc dit par Ic Dr. Callahan, nous prendrons d’abord Ic role du sol 
comme support d’dldments ii rccycler. Certains dc ces dldments i recycler apparaissent ii la surface du sol 
sous forme liquide, contenant des corps cn dissolution cn tres fine suspension, ou en plus grossicrc suspension. 
Cos eaux risiduaircs, souvent d'industries acricolcs, ct parfois de zones urbaines peuvent agir sur le sol. 
Souvent elles peuvent transformer ses propridtds physiques, par example par le sodium qu’elles conliennent 
en solution qui diminue la permdabilitd du sol; ou les conditions des sous-dcveloppcments biologiqucs 
par Ja masse d’eau qui est apporlde au sol ct qui peut provoquer des rdaclions anadrobics dangcrcuscs pour 
la vie du sol ct pour le mainticn dc ses qualitds; ou les dldments par ses caracldrisliqucs chimiques tcls des 
oligodldmcnts apportds cn quantiles trop imporlantcs par I'cau. Deux catdgorics d'dldmcnts sont particulicrc- 
ment imporlantcs dans le cas qui nous occupc, certains produits azotds, ou au conlrairc carbonds trop 
pauvres cn azote, dont I’accumulation risque dc modifier I'activild microbienne du sol; cl, peut-dtre plus 
encore, certains mdtaux Jourds qui, apportds cn c.xcds, peuvent devenir toxiques dans Ic sol. II y a aussi, 
comme le disait tout !\ riicurc notre colldguc Ic Dr. Callahan, ct jc n'insistcrai pas sur cc point, unc action 
du sol sur les eaux rdsiduaircs, qui sont ainsi plus ou moins tolalcmcnt purifidcs. Enfin, Ics dldments solidcs 
les plus grossiers qui sont ddposds viennent modifier Ics conditions du sol, on pourrait .presque dire dc la 
memc fa?on que les modificront les gadoucs ct composts qui pourront etre apportds. Car, cn cfict, a cote des 
dldments liquidcs qui sont i rccycler sur Ic sol, il cn est d’autres qui sont des dldments solidcs, cn particulicr 
Ics ordures mdnagdres: ricn qu’en France, ccia reprdsente ddja onze millions dc tonnes par an. Unc partic 
dc CCS gadoucs ct ordures mdnagdres sont bioddgradabics, a cause dc Icur nature organique, ct peuvent done 
fitre plus ou moins facilcmcnt rccycldcs sur le sol, aprds les tris ct les stockages controlds. L’dpandagc est la 
mcillcurc mdthodc pour rdutiliscr ces gadoucs ct ces composts. Cette utilisation pose cependant un certain 
nombre dc probicmes. Cost dans Ic cas dc ces apporls dc gadoucs ct dc composts que Ton obscn'c souvent 
des phdnomdncs do blocagc dc I’azotc ou bicn des apports cn cxccs d'dldmcnts mdtalliqucs qui, gdndralcmcnt, 
nc sont que des dldmcnts-traccs, ct qui finisscnt par etre, dans un certain nombre dc cas, cn quantiles tres 
excess! ves. 

L’apport dc ces eaux rdsiduaircs ct dc ces gadoucs sur Ic sol nc doit pas etre fait dc fagon incontroicc. 
Pour dvitcr un exeds de tcl ou tcl didment— j’ai parlc dc I'azotc, dans d’aulrcs cas ccIa peut etre la potassc, 
I’acide phosphorique, etc. — qui deviendrait cn quantitd nocif pour le sol, il faut amcnager des zones d’apport 
de fagon i cc quo les cultures faites dcssus puissent utiliscr la plus grande partic des dldments qui sont ainsi 
ajoutds au sol. L’cxpdricncc faitc aux Etats-Unis, au service dc rcchcrchcs agronomiques si connu dc Bcltsville 
et qui nous a dtd rapportdc par le Dr. Walker, est particuliircmcnt intdrcssantc. Ellc tend cn cfTct a fi.xcr pour 
des gadoucs d’un type ddtermind, pour un sol dc caraetdristiques ddtcmiindcs, Ics quantitds optimum que 
Ton peut utiliser, qui donneront un maximum un rendement des cultures, sans quo Ics propridtds du sol soient 
ddtdriordes, e’est-d-dire cn les maintenant tcllcs que, dans Ics anndcs qui viennent, Ic sol puissc continuer h 
jouer le r61e quo nous avons besoin qu’il jouc pour nous. Parmi Ics oratcurs, cclui qui a prdscntd spdcialcment 
cc problemedes'eaux rdsiduaircs ct dcs gadoucs dtait Ic Profcsscur Hdnin, actucllcmcnt prdsident dc I’Acaddmie 
d’ Agriculture dc France. En rcmplaccmcnt du Dr. Greenland, dc Grandc-Bretagne, qui au dernier moment 
n’a pas pu venir, le Dr. Vielle, dc la Rechcrchc Agronomique, a discutd revolution dcs herbicides ct pwsticidcs 
dans le sol. Vous savez qu’i I’heurc actuellc, dans tout systdme agricolc sufTisammcnt moderne et dconomique- 
ment compdtitif, les quantitds d’herbicidcs et dc pesticides utilisds sont imporlantcs. Or on considere qu’au 
moins 50% arrivent finalcment au sol. Certains dc ces corps toxiques pour nombre dc plantcs ct dc micro- 
organismes, sont entrainds plus ou moins rapidement dans Ic sol, dtant eux-memes asscz solubles, comme 
par exemple un herbicide, I’atrasinc. D’autres au contrairc sont fixds par Ic sol. Dans la plupart dcs cas, ccs 
corps ont tendance plus ou moins rapidement a etre transformds soil par unc action de photolyse pour ceux 
qui restent a la surface du sol, soit par unc action de ddgradation biochimique par les micro-organismes du 
sol. La plupart d’entre eux ont done tendance a nc pas restcr dans le sol: leurs rdsidus, gendralement inactifs. 
Il en est cependant quelques-uns dont I’utilisation en agriculture a du etre ddfendue. Leur mainticn, par 
exemple, dans le cas des organochlords peut etre trop important, trop long et risque d’etre ndfaste au sol 
et k ses micro-organismes. Us peuvent aussi etre entrainds jusque dans les nappes phrdatiques sans etre 
ddtruits, ddgradds par le sol. 

Enfin, un dernier aspect nous est apparu, mais qui n’a pu qu’etre signald, le temps nous ayant manque 
pour le discuter suffisamment, e’est celui du recyclage du sol lui-meme. Il est bien certain qu’annde apres 
annde, de grandes dtendues de sol disparaissent de leur fonction primitive car elles ont dtd reprises par I’homme 
pour y construire des habitations, des batiments industriels, des routes, des adroports, etc. Et malheurcuse- 
ment, e’est I’agronome que je suis qui le souligne — ce sont bien souvent de tres bons sols, extremement pro- 
ductifs qui sont ainsi rendus inertes. Il n’est pas question d’eviter cette disparition des sols. Mais ce qu’il 
faut, e’est — dans toute la mesure du possible — limiter ces pertes et dviter tous les autres types de disparition 
du sol. 

Il y a disparition du sol par I’drosion, tres ddveloppde dans certains pays mais il y a aussi — et e’est ce qui 
nous intdresse peut-etre le plus dans le cas de ces phdnomenes de recyclage — trop souvent disparition 
excessive du sol lors de mise en place de carrieres, d’exploitatlons ^ del ouvert ou au long des travaux 
publics, des routes, etc. Il est indispensable que toutes ces surfaces de sol soient recupdrdes aussi rapidement 
que possible. Bien sur, on peut laisser faire la nature. Dans certains cas, il sufiira de cinq ^ dix ans, par 
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cxcmpic sur Ics fonds dc carricrc dc tcrrc i briqucs dc la rdgion parisienne; dans d’autres cas, par exemple 
lur crassicrs dc schistc ardoisicrs dc I’Oucst do la France, il faudra au moins un sitele, peut-etre un 
sieclc ct demi ou davanlagc, d'apits Ics obscn.’alions que nous avons pu faire. L’homme peut accelerer le 
nhdnom^nc. II Ic pent par deux mithodcs dilTiircntcs utilis6cs scion les cas. Quand le sol ddcape ou le 
mitiriau cn*dcssous du so! cnlcvd n’a pas dc trop mauvaiscs propridtes physiques, par exemple un fond de 
carricre dc tcrrc h briqucs, i! peut suITirc dc quclqucs apports dc maticrcs organiques, d’engrais et du travail 
dc sol pour qu'au bout dc deux ou trois ans, un nouveau sol sc soit reforme, susceptible de porter des 
uUurcs Lorsque Ton .n au contrairc affaire i dcs carricrcs dc matdriaux rocheux, par exemple dans les pays 
tronicaiix Ics carricrcs oii Ton cxploitc ics cuirasses d'oxydc dc fer, d'aluminium, de cobalt, de nickel, etc., 
.. Evident que cc qui rcslc finalcmcnt cst aussi gcndralcmcnt un matdriau rocheux. II peut aussi y avoir 
dins cc cas un exeds dc certains produits chimiques qui finisscnt par etre nefastes par eux-memes, tels que 
CCS mdtaux lourds comme Ic cobalt, Ic nickel, !c chrome, etc., ou par provoquer certains desdquilibres dans 
I' I'mcntation dcs plantcs comme ceux dus a dcs exeds dc magndsium ou au contraire de calcium. II est 
evident que refaire un soi dans ccs conditions cst bcaucoup plus difficile. 

Dcs experiences sent cn cours qui montrent que Ton peut quand meme y arriver, par des apports de 
maticre organique cii grande quantile ct, le cas dchdant, par dcs apports de gadoues, ainsi que par des apports 
d'cncrais cii grande quaniitd pour redquilibrer le sol dans la mesure du possible. Ce n’est pas des la premidre 
mnte ouc Ton pourra espdrer obtenir dcs rccoltcs vraiment profitablcs. Gdndralement, on commence par 
refaire la structure du sol cn v cultivant dcs graminccs adaptdes, ou d’autres plantes rustiques a systeme 
rrinaire fasciculd ct capable dc dcsccndrc assex profonddment; au bout de deux ou trois ans, on peut y 
installer dcs nrbustes ct dcs .arbres absolumcnl indispcnsablcs pour maintenir le matdnau et faciliter sa 
tPmfo'm-tion Us sent variables, bicn rur, cn fonction dcs conditions dcologiques du lieu et des Elements 
dus ou‘ moins texiques qui sc troux ciU d.ans Ic sol. Souvent cc sont des pins, des acac.as, des robmiers des 
etc Voila rdsumc au^si rnpidcm.cnt que jc I'ai pu, cc que nous avons eu a presenter sur ce probleme 
du soi ct cc que la discussion nous a .arportd. Retenons ccci: e’est que le sol est un eldment essentiel, une 
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pcut-ctrc aurai-jc la possibilitd d’cn discutcr pcrsonncllcmcnt avcc noire colliguc; e’est non sculcmcnt un 
prob!6mc technique bicn sur, mais aussi un problimc humain. II s’agil dc savoir oil cst I’cau, comment la 
pomper, comment Tutiliscr, comment fairc la part cnirc cc qu’il faut pour I'hommc, pour la boisson, pour 
Ics animaux ct cc quo I'on pent gardcr pour cssaycr, dans la mesure oil la population s'y prCtc, dc fairc dc la 
culture arroscS:, sinon irrigikH:, tout cn conserx-ant quand mcme Ic sol ct la vdgiilalion aulour dcs points 
d’eau. Jc Yovis avouc que cc que nous avons fait dans Ic nord du Sdndgal il y a vingt ans maintenant n*a pas 
toujours etc un Ires beau succis, loin dc lii. C’cst un prob!6mc d’autant plus difiicilc qu'il a un aspect social 
ct que cc que Ton pent fairc dans un cas determine avcc un type ddtcrminc dc population, par cxcmpic si 
vous avez surtout dcs Pcuhls, nc sera probabicment pas possible si vous avez un autre type dc population 
dans line autre region dc la nicmc bandc sahdlicnnc, par cxcmpic dcs Sara ou dcs llcmbaras. Cc problcmccst 
loin d’etre rcsolu, mais il cst important qu’il ait etd soulcvd. 

LINDBECK: Is it possible to add a point to the already discussed question of minerals? 

BROWTs’: Yes; there arc many people who want to discuss that, I know. I propose that we go ahead with 
our last speaker and then come back to this, if that is agreeable to you. 

BRENDOW: 1 feel that the discussion on the water problem suffers from the same deficiencies that suffered 
the discussion earlier this afternoon on minerals; namely, a lack of coordination between the working groups. 
Some of the results in the working group in which 1 had the honor to participate— the one on energy— arc 
of importance also for the discussion on the water problem and I have no doubt they would have influenced 
heavily the report given to us. I refer to a lesson we received from our colleague Kellogg, on the heating up 
of the atmosphere in the long run due to increased use of cncrg>’. If I understood him correctly, his feeling 
was that there would be a warming up of the atmosphere with increased clouds and minfall— in other words 
a new equilibrium in the water economy of the world. I would — naiicly maybe— deduct that the concern 
about the long term water availabilities would be lesser than it seemed to appear from the report we just 
received. It was also indicated to us that due to the increased rainfall in the long term the growing season 
might be extended by another 10 days, which has quite obviously an important impact on agriculture and 
the nutrition of world populations. 1 mention this, hoping that I rightly got the message and inviting all my 
colleagues here to please play the role of a coordinating body between the various working sessions because 
there is no use if one working group comes forward with one message and tomorrow morning we will rccciw: 
another message. 

BRO\\TS: Thank you. As I mentioned earlier in the discussion, I feel that these two groups which were 
separated from the vciy beginning, which is unfortunate, and time has been very limited 

DOSTROVSKY: With a risk of complicating life even more, 1 want to draw attention to another problem 
which arises in many parts of the world, and will be increasingly so, where the use of water becomes close to 
the limits avail.able, and where large scale recycling is practised. I am not quite sure the committee referred to 
it, but it is quite a serious factor. 1 refer here to what we call at home “creeping salinity’’ — it is a phenomenon 
which is quite easy to understand in chemical engineering terms. It is the cquiialcnt to what would happen 
if you reduced the blow-down rate from a steam boiler — you arc increasing the salt concentration. If you 
recycle much of your water without having any outlet for it from your particular sjatem, you arc going to 
build up salt in the water. The time constants arc not too short and arc measured in years, but the ultimate 
result is devastating. You can really waeck — and permanently so — the whole of your aquafirs. So before 
advising large scale recycling and high intensity use of water, one has to be vciy, very careful that one knows 
what one is doing or the temporary benefit may be converted into a permanent disaster. 

CALLAHAN: There is no question of the truth in what you say. The Long Island, New York, experience 
has already shown the increase in dissolved solids as a result of just recycling through septic tanks. The 
experiments tliat I spoke of in Florida arc to store freshwater as a bubble in a salt water aquifer. 

BRO^\'N: I am afraid I am going to have to move on to the next speaker. I am sorry. I will call on now to 
Dr. Joy who will report on the environmental cfTccts of waste materials. 

JOY: The principle points which arose in the session on the environmental effects of waste were: (1) The 
impossibility of separating environmental and resource needs (including water and land) from each other. 
The needs of the whole sv-stem have to be optimized for now and for the future. (2) The need to rationalize 
the production of waste and waste disposal sjatems. (3) The need to obtain at least semi-quantitative data 
relating to flovva in the system. (4) The need to produce at least approximate cost values both for actual waste 
disposal costs and for notional costs, i.e,, the nondirect monetary costs of damage to the environment or to 
the cost of not taking sufficient steps to protect the environment. (5) Tlie need to pay particular attention to 
the possibilities of replacing nonrenewable resources by renewable sources. (6) The need to close recycle 
loops as early as possible, that is to say that material must, as far as possible, be prevented from escaping 
from a cycle and return for reprocessing at the earliest possible time and to a point in the circuit where it is 
most easily accepted by the circuit. (7) There is clearly a difference in opinion between the industrialized 
countries and the developing countries concerning the relative importances of these problems. (S) The market 
offered the best promise for control both of resource use and the generation of waste. Most of tltese points 
are obvious and far from new. However, we thought it was worthwhile examining them in greater detail. 
It was clear from the descriptions of the large number of different processes at present operating, planned 
and under investigation, that there is a large number of options open to anyone wishing to reprocess wastes. 
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llic options also include abilities to decide the functions of the processing in order to meet particular require- 
ments, that is to say, there is n vcr%‘ wide range of flexibility currently available. With tlic improvements and 
new prc»ccs<;cs under development, it can lie expected that a feasible process should soon be available to 
meet almost any particular requirement. These processes, however, range from very simple disposal of the 
waste with the object of doing it as cheaply and/or as cflicicntly ns possible, to complex processes aimed at 
almost tot.al recovery. The criteria on which decisions to select any p.articular process arc made depend, of 
course, initially on tltc nature of the waste, but for any particular waste the subsequent criteria seem to be 
highly variable and depend upon such factors such as national, local, and even personal attitudes. Plain 
ralcimamhip and publicity can play an inordinately large part. The influence of public opinion and legislation 
was aUo ihcuig.ht to leave scry much to lx: desired in relation to both the magnitude and the point of applica- 
tion in f oseminp the criteria. A logical approach was ^ccopni^cd as being desirable. One speaker slated that 
he thought csen a scmi-qunntiiativc \arJsiick ss-as lx:llcr than none. Four of the papers presented had this 
general, overall objective in view, but in themselves the approaches so far suggested arc inadequate without 
a wider range of data to enable them to l>c refined to the point ofapplicabiliiy. Some aspects of the approaches 
abo requite data which may not lx; available, and m.ay need to be inferred, thus introducing all the dangers 
inherent in the application of the results of such calculations. However, there is much actual data which can 
h; obtained, particularly for the mass flows and costs of stmightfonvnrd domestic treatment and for single 
rccs-clc loops in a particular plant. Tltc strengths and weaknesses of the applications of a systems approach 
to the problem will undoubtedly Ixxomc much dearer once a few trial sj’ntlicscs have been made. Attention 
was .ai<o drawn to the possible adverse cfTccis of excessive pollution control both on tire economy and on 
the .actual environment. Iltc point was also made that excessive preoccupation with recovery’ and waste 
treatment plant development and construction could lead to a situation where waste would have to be 
created in onlcr to ensure continuation of the consequently vastly enlarged recovery and reprocessing 
indu' tries. Iliis is not impossible, and al-.o points Jo the need for even a crude predictive model to ensure a 
balance Ixlw ccn the input (control of the production of waste) and the output (retrealment and recycling) 
points of tlic system. 7 he views expressed by the representatives of the developing countries were not un- 
cxpxtcd. c'pcciaily rince the m.ajoriiy of such countries arc also the major actual or potential sources of 
rasv irutcrials supply. The altitude is justifiable in that by the lime that they themselves become m.ajor 
U'.crs it should lx: cx(vclcd that solutions to the consumer waste, environmental disposal, and resource 
supply prohlcnv. may have Ixcn found and tested in practice by the present consumer nations. Tliis is less 
justifiable in relation to the environmental aspects of winning and of primary' processing. It is again clear 
lint iradition.':! methods for process selection and plant design and operation, b.ascd only on optimization 
of {.trades and rcs'ov-cry. in relation to the process cost (the overall rentability of tlic operation) will have to 
give way to a systems approtsch in which the aim is to optimize the complex inicmetion of grade, recovery, 
process co'tf, environmental costs, and population and/or employment needs. Employment is currently an 
important f.ictor in prexess design for developing countries, but the factors of environmental significance 
have not yet Ixeen fully appreciated since they tend to be notional rather than observable costs. 

llius, the general consensus is that both technological advances and commercial awareness in relation 
to environmental problems were making satisfactory progress, but that need existed for wider appreciation 
and understanding of the associated economic social and political factors. Finally, there was unanimous 
agreement ih.at the final stage, the point where the finished product is marketed, is the most sensitive area 
for any experimentation in the reduction of the overall effects of human activities on the environment and 
on resources. 

HERBEllT: My comments h.avc to do with the second suggestion that was read which relates to the house- 
hold segregation of wastes to at least two categories: 1 would like to suggest that we qualify that statement. 
Hasicaliy this is a myth th.at is Ixing promulgated by a lot of people who arc well-intentioned but ill-informed, 
about tlic garbage-collection business, the secondary fiber business, and the wastepaper business — I mention 
those Ixxausc prim.arily you arc normally talking about newsprint segregations. If everybody in the United 
Slates were to save their newsprint we would have the damdest piles of newsprint on the dumps than you 
have ever seen. Tlic market is broad but it is finite. If you collect more than the market can consume, it is 
just simply going to go to the dump or to the incinerator anyway. This happened in many cities and a lot of 
people become very' much discouraged. Hence I would like to suggest that we qualify (hat suggestion by 
saying “where finite markets exist for the segregated product." I think it is very' important that we do not 
tell everybody in the world that they should save commodities for which a market may not and frequently 
docs not exist. 

DYKE: Two years ago 1 attended the Stockholm conference on human environment. At that time I was 
faced, on the one hand, with the prophets of doom and, on the other, with the assurances that all will be well, 
and that in the end man will find a way. Immediately after Stockholm I set out as a technologist in waste 
management on a definite plan of research at my own expense in an effort to prove the prophets of doom 
wrong, I have to admit that I have not yet succeeded in this. I have studied most of the major technologies 
in hand and at pilot stage, designed to deal with the recycling of waste— mainly as to the municipal solid 
waste products. From this study I am coming to the conclusion that I may have been following the wrong 
track. Much of the technology is at high cost, and in many instances the investment required in monetary 
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and energy terms may not satisfy the cost-benefit ratio, I am now looking for low cost technology in the re- 
cycling area and in fact I have to go back over my trades to discover first of all how the heap of garbage I 
have been looking at has in fact accumulated. I believe our first task is to study wasteful practice all along 
the line from the primary’ source area through the design production and utility area to the final waste. And 
the energy equation must preferably be the first reference. \Vhcn I have discovered the -best means of waste 
avoidance so as to reduce the pile of garbage to the absolute minimum, then I will be able to determine the 
best technology and practice necessary to handle the recycling of the final and unavoidable waste pi'oduct. 
What 1 am in fact saying is that it may be wrong to look at our heap of garbage as it is. Perhaps we should 
first study how best to produce a smaller heap. On one point made by Mr. Joy as to technology designed to 
accommodate waste, it may be pros’cd we shall need a certain waste product to feed the technology applied. 
Another point: is there any advantage in producing a car that will last 20 years if at the end of 10 years I am 
fed up with it and push it over the cliff? 

Might it not be better to design the car and a reclamation process for the end product after use that would 
in effect get the remaining resources back into the supply stream and at an os erall preferred sodal economic 
cost this could apply to all forms of waste and post-utility objects. In other words, we have got to look at 
primary extraction, utility, design and production through to the final waste product which must be 
minimized — or maximized ? We do not yet know before we apply the technology needed to recover the waste. 

JOY: Taking Mr. Herbert’s remarks first. I was not aware that I had actually recommended the selective 
collection of domestic refuse at any of the points. I think the point Mr. Herbert was commenting on was the 
need to rationalize the waste production, collection, and disposal. I certainly not had the intention of making 
a categorical statement that I really thought that for domestic refuse collection, selective sorting at the source 
was necessarily the best. As far as Mr. Dyke is concerned, he has made three statements which I was very 
pleased to hear. He referred to the energy equation and asked whether we ought not to look at the cost- 
benefit ratio. You cannot achieve this cost-benefit ratio assessment nor optimize the cnergj’ equation unless 
you are prepared to introduce the environmental effects; the title of this session was “The enrironmental 
(not the economic) effects of wastes.” As I said before, in a balanced economy and in a balanced world the>' 
have got to be taJ:cn together. So the cost-benefit ratio and the energy balance must include some, esen 
only notional guesswork, costs to put in either as a debit, or, if the situation is that the waste has to be pro- 
cessed for environmental reasons, to consider it as a profit and put it on the other side of the equation. The 
same goes for the energy equation. You may ha%-e to say: “Am I prepared to expend the effort on a polluted 
river or would I rather have the energy available for some other purpose?” That brings me to Mr. Dyke’s 
two other statements, his “mights” and “ought be nots”: the point is that even after all these years of 
expertise he is still (and for that matter so is anyone else) in the position of not Imo'.ving. The reason is the 
tremendous complexitv' of the whole waste recycle, rejection return, and production route, and the lack of 
any systematic data including notional costs. There is not nearly enough quantitative thinlJng and quantitative 
data for successful planning. 

BROWN: I notice it is almost adjournment time. In order to end the meeting and provide a grand finale, 
the chair is prepared to entertain the question of Dr. Lindbeck concerning the availabilitv' of resources. 

LINDBECK: My interpretation of the rather pessimistic exposition about minerals in the report is that it is 
based on three assumptions. The first assumption is that the use of energ>’ will rise very rapidly per unit of 
min erals produced when we move to more expensive deposits. Obviously, there is here an assumption about 
unchanged technology because the speal:er said that there was an exponential increase in eEerg>- cost with 
falling quality of the deposits. But if there is such an e.xponential function, that function must shift down- 
wards because of continuous technological development. The combined movement along the curve and the 
shifts from one curve to another could very well be a fall in the cost. This seems, in fact, to have happened 
for many minerals over time. 

A second assumption must have been that energy prices will rise very rapidly in the future. I am most con- 
vinced that this is true. Moreover, we have to consider that energ>' costs are not more than maybe 5% of 
GNP. So to get real substantial effects, maybe you need an increase of 10, 15, or perhaps 100 times the 
present costs, until you get really drastic effects on GNP growth in a long-nm perspective. 

A third assumption was that if raw-material prices rise rapidly, because of higher energy costs of extraction, 
there will be “severe problems.” I do not see why this would te so serious in a 100-year perspective because 
of all the various substitutions on the production and consumption side we taUced about this morning. In 
fact, you could conceive of a civilization, 100 or 500 years from now, where most metab used in the 
production process are produced by recycling. Thb could occur in a situation where demand continuously 
shifts to less resource-requiring activities, such as services, and where productivity increases mean that 
commodities require less and Iks materiab. On ail these three points I am very little convinced about the 
“pessimistic” assumptions made in the presentation. 

SHELDON: I shall attempt to make remarks on that. I do not know’ that I can answer it First of aU, in 
the study of the exponential increase in the energy costs for producing, mining, and milling ores of lower and 
lower grade, the study that has been made so far b based on constant technology and it b a study at thb 
moment in time and b based on the energy costs of a number of different mines and a number of different 
commodities. Of course, with an increase in technology aimed in thb direction, 3 'ou can lower the energy 
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co.vts a ocrlain amount. Hut still the fund.amcntal underlying cause of exponential rise is the actual energy 
co^ts of moving rock and breaking tlic chemical bonds of the minerals. No amount of technology and 
tcclinologic rc‘-carch can overcome the ba^ic physical laws of the universe. In so far as the model I suggested, 
as 1 st.itcd it ssas intuitise and it was based on present trends. It is certainly only one of an infinite number of 
rcen.arios. 1 think if the trends continue of exponentially increasing population and all the rest, that something 
like lh.it is proKaWy going to h.'ippcn, 

HKOWN: I am confident that this subject is going to come up again tomorrow. 
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Nous avons cu quciqiics vinnl comnuinications. Nous avons iravaillc pres dc 14 heurcs ct 
jc sens que jc pourrais ctre tres vitc horriblcmcnt ennuyeux. Jc nc feral done pas cc que vous 
attendee pcui-ctre, c*cst-:i dire cxirairc Ics idccs principalcs des communications ct dcs 
discussions dc ccs 14 heurcs. Car un certain nombre dc ccs idccs, malgrc Icur importance, 
sont ccllcsqui regardent Icsspccialistcsdc rcncrgic proprement ditc. Rt ici, jeerois bcaucoup 
plus important dc rappcicr dans cc qui a etc dii, cc qui a un caract^rc intcrdisciplinairc. A 
non tres grand regret, jc nc vous parlcrai done pas dcs aspects speciaux dc rc^ncrgic nuclcairc 
qui ont cependant etd traites a fond, ni dc ceux dc I’^ncrgic thermique, geothermique ou 
solairc mais jc vous parlcrai dc cc qui peut avoir unc influence sur Ics conclusions dcs autres 
reunions qui sc sont poursuivics cn parallclc avee nous. 

La futurologic cst rdvciatricc d’un certain nombre dc gros problcmcs. C’cst presque 
toujours a Iravcrs cllc que riuimanitc manifeste son souci dc mutation, son souci dc 
revolution ou dc changement. Jc nc donnerai pas dcs cxcmplcs, vous Ics avez tous cn tete 
ct il vous scrait facile dc dcvcioppcr cc point: jc me borncrai a un scul amusant: I’dncrgie 
a crcc la futurologic, c’cst a propos d’cllc que Ton a commence a fairc dcs previsions puis 
ensuite dcs sednarios. 

Point important; un accord ctait-il possible sur la fagon dont va probablcmcnt dvolucr 
I’utilisation dcs sources actucllcs ou futures d’dncrgic? Et ccci, jc tiens a Ic prdciser, d’une 
fa?on tres inddpendante dc I’dvolution dcs besoins. Naturcllcmcnt, on nc peut pas pousscr 
cette separation jusqu’au bout sans paradoxc, I’dvolution dcs besoins fixera la cadence 
avee laqucllc Ics substitutions dvcntucllcs sc feront, mais probablcmcnt, n’influenccra que 
peu Ics choix succcssifs. 

Tout Ic mondc, jc pense, cst d’accord sur Ic fait que Ics deux grandcs aventurcs dner- 
gdtiques cn cours pour I’arrivdc du XXIcme sicclc sont, d’unc part, Ics surgdndrateurs, 
d’autre part Ics rdactcurs a haute tcmpdraturc. 

D’abord, Ics surgdndrateurs, C’cst unc chose absolument extraordinaire ct hier matin 
cn dcoutant vos propos, par cxcmplc sur Ics substitutions, jc ne pouvais m’empecher de 
penscr aux propridtes que prdsente la substitution, dcs surgdndrateurs aux rdactcurs nucld- 
aires actuels, Vous savez qu’ils vont permettre d’obtcnir un rendement cn uranium pratique- 
ment de I’ordrc de 50 i 70 fois Ic rendement actucl. Aussi quand ’jdcoutais hier des propos 
un peu ddsabusds sur la substitution, jc me consolais cn pensant qu’dvidcmment, pour le 
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moment la surgeneration est la seule technique de substitution qui d’un coup permet 
d’obtenir 70 fois plus d’energie de la meme portion de matiere, Et si vous tenez compte du 
fait que cette portion d’energie sera obtenue avec 70 fois moins de peine, en ce qui concerne 
I’extraction vous imaginez qu’on pourra extraire maintenant des minerais a teneur peut- 
etre 70 fois plus faible, ce qui permettrait de penser que la substitution eventuelle et tres 
probable des surgenerateurs correspond a une amelioration dans le bilan de I’energie de 
1 a 5000, La puissance de I’esprit de I’homme ne doit jamais etre sous-estimee, une fois les 
surgenerateurs en route— (et ils ne peuvent guere I’etre commercialement de fa9on im- 
portante avant I’an 2000), I’energie electrique deviendra un sous-produit des autres activites 
industrielles, le fonctionnement d’un surgenerateur pour produire de I’electricite assurant 
par la meme la production des matieres fissiles permettant dans un second cycle de 
produire a nouveau de I’electricite. Uelectricite devient maintenant un sous-produit de 
I’activite industrieUe. 

Les reacteurs a haute temperature sont aussi une grande aventure, En effet, les seuls 
reacteurs capables de donner de la chaleur a haute temperature sont ces reacteurs que 
I’on appelle H.T.R. dans toutes les langues. Des maintenant, un reacteur d’essai a depasse 
850 degres en Allemagne, ses proprietes, grace a I’utilisation de I’helium, suppriment une 
grande partie des objections que Ton fait encore pour les structures. Ils permettront, par la 
production de chaleur a partir du nucleaire, de depasser le cadre restreint de I’electricite et, 
de remplacer a long terme les combustibles fossiles, en particulier le petrole. Des mainten- 
ant, nous sommes assures soit par la version americaine de ce reacteur, soit par la version 
europeenne essentiellement allemande d’ailleurs, pour le moment, d’avoir dans un delai 
relativement bref (10, 15 ou 20 ans) la possibilite de fabrication de chaleur a des tempera- 
tures elevees et I’une des possibilites les plus etonnantes reside dans la fabrication de 
I’hydrogene, 

On a pu, dans un elan d’enthousiasme, parler de I’avenir comme de celui de la civilisation 
de I’hydrogene — ^notre ami Caprioglio qui est a cette table a droite aura certainement I’occa- 
sion ce matin de vous en parler avec enthousiasme — ^il y a quelques mois nous etions 
quelques-uns id a assister a Miami, parmi huit ou neuf cents personnes, a cent ou cent 
cinquante communications. L’enthousiasme etait tempere par quelques producteurs de 
machines electriques ou d’electricite qui, naturellement, ne desirent pas voir dans un delai 
trop bref tout leur acquis devenir “obsolde”. Ils ont d’ailleurs certainement tort de le 
craindre; ainsi I’EDF attend sans inquietude I’avenement de I’hydrogene, ce fluide etant 
complementaire de I’electricite et non pas son ennemi. 

Les difficultes sont encore tres grandes pour obtem’r une production d’hydrogene a bon 
march6. Les gens optirm’stes mais raisonnables estiment qu’il faut encore 15 ou 20 ans et 
par consequent, c’est vers I’an 2000 que nous pourrons voir I’hydrogene prendre sa place: 
I’autoraobile, a condition de resoudre le probleme de la combustion dans I’air sans oxyde 
d’azote, I’aviation, les usages domestiques. J’ai toujours plaisir a dire que quelqu’un m’a 
dit que la seule application que I’hydrogene ne peut pas resoudre, c’est le rasoir electrique, 
et j’ai oublie pourquoi. 

Ces deux nouveautes, ces deux aventures, nous sommes en train de les courir au point 
de vue energetique, avec de grandes chances de succes: les surgenerateurs et I’hydrogene. 

Mais un certain nombre de problemes sont poses par la proliferation du nucleaire et 
ceux-ci peuvent rendre necessaire I’arrivee de sources nouvelles, bien avant que les pro- 
blcmcs economiques ou que les problemes de rarete ou de penurie interviennent. Je ne 
pense pas du tout au probleme des radiations — je suis personnellement depuis vingt ans 
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sp6cialiste de I’atome, j’ai meme eu la chance de presider a la construction complete d’une 
centrale en Espagne de 500 000 kW— je ne crois pas reellement que, sauf accident — toujours 
possible — , nous ayons a Stre preoccupes par ces problemes. 

Je pense essentiellement puisqu’il s’agit de surgenerateurs, au probleme du plutonium. 
II est certain que le plutonium est dangereux et que un millieme de milligramme inhale de 
fapon convenable dans le corps pent etre mortel. Les tonnes de plutonium qu’un pays 
comme la France, par exemple, manipulera en I’an 2000, avec Tarrivee des surgenerateurs, 
represente done des potentiaUtes mortelles prodigieuses. Naturellement, on sait prendre 
des maintenant toutes les precautions necessaires dans les differentes manipulations et dans 
les transports. Mais dans le monde ou nous vivons, ou la violence est de plus en plus 
raaitresse d’elle-meme, ou Ton sait que “le pouvoir est au bout du fusil”, on ne pent etre 
assure que le plutonium, quand on le traitera par centaines de tonnes, ne donnera pas 
naissance a des tentations irresistibles. Monsieur Lewis dans sa communication a cite pour 
defendre le plutonium, une phrase, tres impressionnante d’ailleurs, de Soljenitzine a propos 
de la violence: “La violence est ineluctablement liee au mensonge; des que celui-ci aura 
disparu, la nudite sordide de la violence sera visible et la violence deviendra impuissance”. 
Eh bien, je fais le voeu qu’il en soit ainsi, mais je me demande s’il ne sera tout de meme pas 
plus facile de supprimer la violence que de supprimer le mensonge. 

Done nous avons, je le disais au Pr&ident Marois tout a I’heure, dans nos travaux a ne 
pas oublier ce probleme: les hommes sont de chair et de sang et ils ne renonceront jamais 
a utiliser leur force ou leur intelligence pour obtenir des resultats qu’a tort ou a raison, de 
bonne ou de raauvaise foi, ils estimeront devoir obtenir. Nous devons naturellement lutter 
pour qu’il n’en soit pas ainsi, mais nous ne devons pas offrir trop de tentations sans etre 
un peu responsables. Je me sens done oblige de vous parler de sources nouvelles que 
j’appelle d’ailleurs sources lointaines; ainsi personne ne se fera d’illusion sur le fait que ces 
problemes se poseront seulement dans les premieres d^cennies du vingt-et-unieme siecle: 
I’energie geothermique, energie non renouvelable, car nous ne pouvons utiliser que I’energie 
qui est dans les profondeurs, jusqu’a quelques kilometres en-dessous denous, par exemple, 
et quand nous I’aurons epuisee, elle mettra des millenaires pour etre reconstituee; en fait, 
nous pourrons I’utiliser sur cinquante ans, soixante-quinze ans et apres elle aura disparu 
exactement comme un gisement de charbon. 

II y a I’energie solaire, nous en avons beaucoup parle, il faut en reparler, car elle est tres 
importante mais tres diluee. Enfin, il y a I’energie de fusion qui, par collage de deux particules, 
perdant du poids par ce collage, degage de I’energie. Cette fusion a maintenant deux 
variantes : I’ancienne que Ton etudie depuis vingt ans, qui pas a pas s’approche de sa solution : 
lentement, le confinement raagnetique et I’explosion, faible bien sur pour pouvoir la contenir 
dans un recipient. On fait des explosions durant des micro-secondes, mais d’une fa^on 
suffisamment frequente pour que, comme dans un moteur a explosion, nous puissions 
recueillir I’energie; ceci parait possible gr^ce a I’application des lasers. 

Voila done tres rapidement place le cadre dans lequel nous avons discute, ajoutant qu’il 
y a un certain nombre de sources a I’heure actuelle qui ne sont pas utilisees pleinement, 
qui n’ont pas le caractere d’etre nouvelles ou lointaines et auxquelles il faut penser par 
exemple dans les pays tres riches en charbon comme les Etats-Unis ou la Pologne. Il y a 
tout un monde energetique en cours de preparation et a cote de cette notion du tout 
nucleaire/tout hydrogtee qui correspond aux pays europeens et au Japon, il peut y avoir 
aussi une civilisation charbon/methanol ou charbon/combustible synthetique aux Etats- 
Unis. 


TPAM— VOL.S — D* 



88 


R. GIBRAT 


Tout ceci nous a amenes au sujet plus proprement le votre, c’est-a-dire aux besoins, 
a la croissance economique. Nous avons eu, dans nos discussions sur ce point, I’eventail 
le plus large que vous pourriez desirer. Si je prends un extreme, nous retrouvons notre 
ami. Monsieur Lewis, du Canada, qui a pris comme but une augmentation de la con- 
sommation actuelle d’environ deux cents fois, estimant d’ailleurs — ce qui est extreme- 
ment rassurant, que ceci pourrait s’obtenir des les annees 2050 sans aucune source nouvelle, 
sans appui les surgenerateurs, sans recherche sur les H.T.R, simplement en utilisant 
d’une fagon plus complete la filiere canadiennc dont vous connaissez les succes. Nos amis 
canadiens, en pleine bonne foi, n’arrivent pas a comprendre comment le monde n’est pas 
persuade de cette verite et comment il se fait qu’ aujourd’hui, dans d’autres pays on utilise 
d’autres filieres, mais ce n’est pas un sujet que nous traiterons ici. 

Au centre des positions prises dans nos sessions, I’expose de Monsieur Zracket, de Mitre, 
I’organisation de recherche et d’etudes du M.I.T., revele deux scenarios, I’un modere et 
1’ autre moins, qui le conduisent en I’an 2100 a 55% ou 70% d’energie solaire. Je voudrais 
vous lire quelques passages de ce que Monsier Destival, qui a des responsabilites tres im- 
portantes au Plan, pense de la croissance de la consommation de I’&ergie dans les 25 ou 
50 prochaines annees. II estime que les modifications de prix, le quadruplement du prix des 
combustibles liquides et par consequent la distorsion considerable qu’elle apporte par 
rapport aux optima admis jusqu’ici dans les equilibres energetiques, va progressivement 
apporter un frein tres important a la consommation d’energie. Pour Pan 2000, alors que 
beaucoup estimaient que la consommation du monde serait 4 fois la consommation actuelle, 
il estime que les freins conduiront a une consommation simplement double de la consom- 
mation actuelle. Void les trois facteurs qu’il pense etre capables d’inflechir la croissance 
energetique, revolution des couts de Penergie, la saturation de certains besoins, enfin la 
croissance economique reduite. 

1. L’evolutiondes couts d’energierde 1950a 1970,Ies couts de Penergie avaientreguh’de- 
ment diminue en monnaie constante. En France, de 1960 a 1970, 30 a 40% pour les hydro- 
carbures. Les prix d’aujourd’hui sont, a son avis, beaucoup plus representatifs de Peconomie 
a long terme que les prix d’autrefois et ils antidpent deja revolution a long terme. Aussi, 
le pare des appareils et des precedes actuels se trouve tres loin de leur optimum 
economique. 

Il faudra des annees, des decennies peut-etre pour retrouver Pequilibre. Un exemple, 
le chauffage des logements : les normes d’isolation vont maintenant se trouver profondement 
modifiees soit par voie autoritaire ou incitative (en France on envisage de dispenser d’impot 
les depenses correspondantes), d’autre part Paugmentation du prix du combustible a elle 
seule aura une influence considerable, et il estime que pour le chaufiage des locaux, on peut 
arriver a une consommation moitie des consommations actuelles par tete d’habitant. Et ne 
prenons pas d’autres exemples car apres avoir passe en revue les difierentes consequences 
de ce phenomene, il estime que Pon peut obtenir une reduction de 30% dii mouvement 
general ce qui correspondrait a une reduction de 1,5 % par an du taux de croissance moyen 
d’ici Pan 2000. 

2. Il passe ensuite au deuxieme facteur, la saturatioq de certains besoins. 

En analysant la croissance des consommations en France, entre 1960 et 1970, il constate 
que le total de la consommation a cru de 95% et la-dessus le secteur domestique avait 
augmente de 150%, les transports de 220% et Pindustrie de seulement 55%. C’est done la 
demande des menages et du tertiaire qui a ete la plus dynamique de la croissance energetique 
Il pense qu’une certaine saturation intervient deja: 10% des logements en 1954 avaient le 
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chauffage central, plus de 50% aujourd’iiui et si on est encore loin de la iin, la moitie du 
chemin est deja faite. 

De meme, il pense que le secteur des transports qui correspond aux deux tiers de la 
consommation connaitra a court terme un ralentissement, car la proportion des menages 
equipes de vehicules etait de 30% en 1960, de 70% aujourd’hui. Les Etats-Unis montrent 
que Ton plafonne aux environs de 90 %. Done tenant compte du fait que I’elasticite energie/ 
production pour I’industrie a ete de Fordre de 0,6 sur cette periode, on peut estimer que 
la encore nous avons un frein puissant a la consommation, a Faugmentation de consom- 
mation energedque. 

Passons maintenant a Finfluence de la croissance 6conomique. Sans faire Fliypothese 
d’une revolution avec une croissance zero, il parait impossible que celle-ci puisse se pour- 
suivre au r>'thme actuel, car elle a ete soutenue par une croissance forte et reguliere de la 
productivite du travail. Les esquisses qui ont ete fakes pour 1 990, pour la France, en prenant 
en compte Fincidence de Fevolution des facteurs de production, montrent que le taux de 
croissance pourrait alors diminucr d’un demi-point a un point et demi. En outre, a cote 
du type actuel de croissance dont le moteur est le developpement industriel ou la consom- 
mation d’energie, il est vraisemblable que cette croissance fera une place de plus en plus 
large a des activites exigeant un faible contenu energedque. 

3. Enfin, la demande energedque des transports, j’ai quelque difficulte a le suivre ici, 
freinee par le developpement des moyens d’information, radiophone, tele-conferences et 
transports en commun. Ce qui pose d’une maniere generale la quesdon des modes de vie 
du XXIerae siecle et de leurs consequences sur la consommadon d’energie. Ainsi peut-6tre, 
les problemes de consommation d’energie n’ont pas Fimportance que nous avons 
tendance a leur attribuer, Fenergie ne sera pas une limite au probleme de croissance, les 
freins automatiques ne conduiront en Fan 2000 — si nous le suivons — qu’a un doublement 
de la consommadon actuelle et il n’y aura certainement plus personne pour s’inquieter 
de la fa^on dont ce doublement sera realise. 

Voici done une fafon originale, et tres reflechie de concevoir le probleme des besoins. 

Nous avons eu enfin la tres grande joie et le tres grand plaisir d’entendre le Professeur 
Dubos nous expliquer que, en biologiste, il esdmait que, en consommant moins d’energie 
au moins pour certaines classes sociales et certains pays, on obtiendrait une meilleure 
qualite de la vie. 

Son argumentation est tres impressionnante et il aura surement, je le desire vivement, 
pour vous et pour moi, Foccasion a nouveau de la developper ce madn. Il remarque qu’il 
y a des invariants biologiques qui sont les memes quels que soient les races, les lieux, les 
classes sociales et que, quand on s’eloigne de ces invariants biologiques, on s’eloigne de 
Foptimum. L’excedent de calories que Feuropeen consomme — ^3500 par jour au lieu des 
2000 necessaires — est souvent en maderes comme le sucre ou les graisses animales dont on 
pense qu’elles sont generatrices d’innombrables maladies de toutes sortes. Sa deuxieme 
remarque est de constater qu’on a les memes resultats avec le soja ou avec la viande de 
boeuf mais que la consommadon d’energie pour y arriver est 10 fois plus forte dans un cas 
que dans Fautre. 

Il reste a etudier les problemes climatologiques. Ces problemes ont d’ailleurs deux faces: 
Fune d’entre elles a ete traitee tres a fond par Monsieur Kellogg qui, depuis plusieurs annees 
est specialiste de ces quesdons; e’est le probleme du climat et des influences eventuelles que 
les activites de Fhomme pourraient avoir sur ce climat. Tout d’abord, une premiere remarque 
qui m’a toujours beaucoup impressionne: nous considerons le climat comme une donnee 
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qui restera constante tout au moins pour nos generations proches et personne n’a parle 
d’aller plus loin que I’an 2150. Nous avons tous, au fond de nous, cette conviction absolue 
que ce climat nous est garanti, qu’il est constitutionnellement dans la Charte des relations 
entre le createur et nous; or quand on etudie avec quelque soin le passe, on est terrific. 
Nous sommes en ce moment dans une periode inter-glaciaire mais rien ne nous prouve 
qu’une periode glaciaire ne peut pas naitre demain; et ses actions sur Thomme, sur 
sa vie, sur son environnement, sur la qualite de sa vie seraient prodigieusement plus 
graves que tous les points que nous pourrons etudier pendant ces cinq jours de travail, sur 
I’influence des activites humaines. On constate par exemple un rechauffement depuis 1940, 
I’annee 1945 a ete I’annee la plus chaude que la terre ait connue depuis mille ans. Quand 
on sait qu’une periode inter-glaciaire ou une periode glaciaire, c’est deux ou trois degres 
de temperature en plus ou en moins que; dans un cas le Pole Nord est libre de glaces ou 
presque (en tout cas, il I’a ete 85 % du temps), et dans I’autre les glaces arrivent presque a 
I’equateur, on est evidemment tres impressionne en pensant aux variations naturelles, 
d’autant plus que, aujourd’hui il n’y a aucun accord — meme faible-sur les raisons qui ont 
pu conduire aux variations de climat dans le passe. En ce moment, nous avons done une 
epee de Damocles suspendue sur notre tete. Nous avons maintenant evidemment a nous 
poser la question de savoir si nous, n’allons pas nous-memes couper le 111 de cette epee. Les 
communications qui nous ont ete faites sont assez optimistes. Je ne peux pas ici vous les 
decrire, meme sommairement, la seule indication que je tire du rapport de Monsieur Kel- 
logg est la suivante: a I’heure actuelle, la consommation energetique dans le monde est de 
I’ordre de 8000 gigawatts, e’est-a-dire huit milliards de kilowatts et elle represente le 10000^“® 
de I’activite solaire interessant la terre. Le bon sens fait penser que, on peut done aujourd’hui 
Stre tranquille, c’est I’opinion generate. Mais si nous multiplions, comme le proposait 
Monsieur Lewis, notre quantite d’energie par 200, c’est maintenant 200 sur 10 000, et 2% 
sont parfaitement capables de declencher des modifications de climat; des modeles faits 
cote americain et cote sovietique semblent montrer que, avec 1 % seulement on peut avoir 
des variations de temperature moyennes entre 1,5 degre et 3 degres, lesquels correspondraient 
par suite de I’influence differente sur les latitudes a une variation de plus de 10 degres dans 
les regions polaires; la fusion de I’ocean arctique n’aurait heureusement aucune importance 
puisque par definition la glace flotte, mais les masses tres importantes du Greenland repre- 
senteraient une elevation de 7 m du niveau des mers, celles de I’antarctique 70 m. Heureuse- 
ment le changement de climat conduirait a une evaporation beaucoup plus importante des 
mers actuellement recouvertes par les glaces, par consequent une quantite de neige encore 
plus importante tombant sur ces continents et peut-etre une surelevation du Greenland. 
Cette simple remarque vous montre combien les problemes de climat sont difficiles. 

Par centre, et ceci m’a toujours passionne personnellement, si sur le plan de la terre nous 
sommes encore tout petits, sur le plan local nous ne le sommes plus. La ville de New York 
envoie vers le ciel, en hiver, aujourd’hui, neuf a dix fois plus de chaleur qu’elle n’en a retenu 
de I’energie solaire. Done nous sommes dix fois plus forts que le facteur essentiel naturel. 
Nous sommes done capables de modifier des micro-climats. Ceci n’entrainera pas les 
consequences catastrophiques dont nous avons parle, mais peut apporter sur des regions 
entieres des modifications importantes a connaltre. Nous pourrions avoir de veritables 
petites catastrophes locales si nous installions comme on I’a propose des concentrations de 
I’ordre de 50 GW. Quand une centrale thermique fonctionne, elle rejette dans I’atmosphere 
par I’eau ou elle se refroidit, une energie quatre fois plus grande que ce que produirait dans 
I’atmosphere la combustion d’une foret de resineux qui aurait la meme surface que I’enceinte 
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de la centrale, c’est-a-dire y compris le pare a charbon, I’usine, les ateliers, les bureaux du 
directeur; quand vous visiterez une centrale, qu’elle soit thermique ou nucleaire, pensez 
a cette image, imaginez une foret, de la meme surface que I’usine, mettez-la en feu et vous 
aurez 1^ I’image de ce que Ton appelle les rejets thermiques. II y a encore deux pays au 
monde dans lesquels on cree systematiquement des incendies de foret pour les etudier: 
I’Australie, les Etats-Unis. On y met tons les moyens d’observation de variations climato- 
logiques, des avions traversent les nuages: les experiences faites sont au fond tres satis- 
faisantes. En mettant le feu a des forets qui ont pu bruler une joumee ou quelques dizaines 
d’heures, on n’a pas constate de troubles meteorologiques tres importants. De meme, il 
existe au Zaire un lac de laves en incandescence de quelques hectares, done I’equivalent d’une 
centrale de surface; on a beaucoup observ6 ce qui se passait autour puisqu’il est comparable 
en rejet a une centrale de production d’energie: il n’y a rien de vraiment grave. Mais il ne 
faudrait peut-etre pas multiplier cela par 10 ou par 100: telle sera ma conclusion. 




DISCUSSION 


RANDERS: 1 want to thank M. Gibrat for his extremely interesting and clear resumd of the section 
about energy and growth. I am full of admiration for the way in which he was able to give a short and extremely 
good impression of what was discussed in the two sessions. 1 noticed that nobody expressed panic or fear 
that we arc walking towards a brink where the world will suddenly break down and perish through lack of 
cncrg>‘. On the other liand, cvcrj'body agreed that we do not have enough energy to continue with our 
exponential growth. But, as Gibrat explained, nobody really worried seriously — which was, to me, very 
surprising, lx:cause in some similar conferences you h.^s'C the feeling that there is a panic — that we are really 
approaching catastrophe. What surprised me a little is that from an economist's point of view — as was 
expressed by Gibrat — one got the feeling that the higli price of energy is saving us from the catastrophe 
because that is going to turn the use of energy off a bit, at Ic.ast turn the increase off. Now to me, this is a 
slightly dubious interpretation, 'i'ou might as well look at it the other way; to say that if we have little 
energy we arc forced to sufTcr high prices. Hie high prices arc the first sign of a shortage of energy. What it 
l>oils down to in the end is that so far we have done nothing, one way or the other, to help the situation, and 
we arc simply drifting along. Because there is a certain shortage, prices and political conditions have reached 
and therefore there is a change in the development. What we are really aiming at in a conference like this is 
of course to find out if there is anything that we can really do to steer the development — not only drift along 
and note that nature has taken its course and hopefully will save us. Obviously we will be saved by nature. 

Tlic question is whether we move towards a situation which is satisfactory. Our task is really to see if we 
can do anything to make it more satisfactory instead of less satisfactory*. It is a question of degree we are 
discussing and that's all. For that reason I think it would be important in the following discussions if we 
keep that aim in mind. We arc really looking for what kind of measures and what kind of steps w e could take 
to innuence the future a bit. 1 am saying "a bit" because it is obvious that the future growth of energy will 
be between the exponential growth until the year 2000— and let us say linear extrapolation from today until 
the year 2000. In the Ford Foundation report on energy — some of you m.ay have seen it — they have chosen a 
middle way called the “technical fix" solution. Tliis is a solution, deliberately placed in the middle, which 
society should to’ to aim for, instead of letting things run by themselves or believe that one can introduce 
7cro fjowth already before the year 2000. When we go on to the discussion I should very much like to hear 
suggestions as to how can we, by our actions today, in any w ay, influence the future of energy and growth 
by the decisions w e make. I have here at the table specialists whom I want to give the floor during this session. 
1 know there arc people in the audience also who want to speak. What I would suggest is that before I give 
the floor to the audience, I would ask one of the members here to make his comments, and since Professor 
Dubos is my closest nciglilxtr, I will ask him if he would like to say a few words to begin the discussion. 

DUBOS: Hicr jc crois dans cette sallc mcme ou avant-hicr, on a fait allusion au message du President 
Nixon alors qu'il dtait encore President, message sur I'incrgic, ct ceux d'entre nous qui ontitudid cc message 
d'asser. prds ont remarqud que le Prdsident Nixon n'a parld que de la production de I'dnergie sans memo 
fairc allusion t I'utilisation de I’dnergie. Au plus il y avait une allusion tout ft fait d la fin du message: c’dtait 
pour dire qu'il faudrait peut-dtre diminuer la consommation d’dncrgic ct par la meme amoindrir la qualitd 
de la vie. Eli bicn, les quclques mots que jc voudrais prononcer aujourd’hui ont pour but d'essayerde ddfinir 
quelle cst I’influcncc de la quantitd d'dncrgic qu’on utilise sur la qualitd de la vie humaine. Et pour dtudier 
cc problimc, J’ai pensd depuis quclque temps qu’on pourmit I'analyscr cn trois composantes. II y a d’abord 
Monsieur Gibrat y a fait allusion, dcs invariants de I'cspdcc humaine et aussi d’ailleurs des invariants 
de la nature ph>’siquc qui ddterminent d’une fagon xTaiment trds prdcise combien d’dncrgic on doit utiliser 
pour vivre, pour sun ivre ct quel cst le cout de cette dncrgic d’aprds les endroits oil Ton vit. Cela peut se 
mesurer avec dnormdmcnt de prdcision. Cc qui complique un peu la chose, e’est que la fagon dont on satisfait 
CCS besoins dnergdtiques varic dnormdmcnt d’unc culture d I’autrc. Pour reprendre trds bridvement I’cxcmple 
que Monsieur Gibrat a citd tout a rheure, disons que tous les Ctres humains ont besoin cxactcmcnt de la 
meme quantitd de protdines. II y a dcs pays oii Ton satisfait scs besoins cn protdincs cn utilisant dcs mdlanges 
de Idgumincuscs. 11 y cn a d’autres oii Ton utilise surtout du pore ct du poulct ct d’autres comme nos pays, 
(ct comme vous le savez jc vis aux Etats-Unis) oii Ton cssaic de les presque cxclusivcment en mangeant du 
bocuf. Eh bicn, Ic coOt dnergdtique de la production satisfairc passe de 1 a 3 d 10 quand on passe des plantes 
Idgumincuscs au poulct ou au pore ct au bocuf. Cc qui complique encore plus les choses, e’est que chaque 
pays naturcllemcnt a dcs besoins culturcis tout d fait inddpendants ou plutot dcs habitudes culturelles 
tout d fait inddpendantes dcs besoins biologiqucs, ct qui diffdrent aussi d’un endroit d I’autre. On a fait 
rdeemment aux Etats-Unis une dtude compardc du coOt de I’dnergie de la fagon dont les gens passent 
Icurs vacanccs ct les diffdrcnccs sont vdritablcmcnt phdnomdnalcs: il y a dcs gens pour qui les vacances 
d cause dcs transports, dcs ddplaccmcnls que cela impliquc, ddpensent des quantitds d’dnergie dnormes 
cn comparaison de ceux qui vont simpicment sc promencr autour des endroits ou ils vivent. Si bien qu’il est 
possible d’analyscr les besoins d’dnergie d partir de ccs difTdrentes donndcs. Quand on fait cela, on voit 
naturcllemcnt cc que nous savons tous, que non sculcment les pays mais les classes sociales different 
dnormdmcnt. Il cst trop dvident qu’il y j de la population du monde qui vivrait beaucoup mieux si on y 
utilisait plus d’dncrgic. (^a, tout le monde le sait ct je nc vais pas insistcr davantage, quoique je pourrais Id 
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reprendre le meme sujet en montrant qu’il y a des populations pour lesquelles il n’y a pas assez d’alimentation 
pour lesquelles les m^thodes agricoles deviendraient beaucoup plus effectives si Ton pouvait utiliser de 

I’dnergie, etc Je n’en parlerai pas, non pas pour I’ignorer, mais au contraire parce que j’espke que tout 

le monde id I’accepte ^ I’avance. 

Mais il y a d’autre part des classes sociales et des pays oii I’utilisation de I’dnergie, de mon point de vue, 
non seulement n’augmente pas la qualitd de la vie mais la diminue 6norm6ment et naturellement I’exemple 
le plus extraordinaire est une grande partie de I’Europe et la plus grande partie des Etats-Unis. Si bien 
qu’il y a un eventail dnorme de “rendement” en qualite de vie de I’utilisation de I’dnergie par les hommes. 
Il y a une loi, je crois, des rendements ddcroissants, en qualitd de vie de I’dnergie qui serait assez facile k 
ddfinir. Je vais simplement, en quelques mots, indiquer pourquoi je suis convaincu que dans un pays comme 
les Etats-Unis, on pourrait dnormement amdliorer la quality de la vie en diminuant la quantity d’^nergie par 
tete; j’ai essayd de diviser cette affirmation en quatre categories, que je ne ferai que citer et si vous voulez 
plus tard que je d^fende mon point de vue, je le ferai en donnant certains exemples et dans certains cas pas 
mal de chiffres. Je suis persuadd que la sante physique de I’homme, aux Etats-Unis et dans une grande partie 
des pays europdens serait am^liorde si on y diminuait la quantity de calories qu’on mange: au lieu de 3500 
comme nous le faisons dans les pays europ6ens et amdricains, nous pourrions vivre beaucoup mieux avec 
2500, si on changeait la nature chimique des aliments que nous employons au lieu d’utiliser d’une fafon si 
extravagante les matieres grasses et le sucre comme nous le faisons. 

Je pourrais aussi parler de la santd psychologique: c’est un sujet tres subtil et pourtant assez facile a 
definir. La fagon dont nous utilisons I’^nergie dans nos pays dits civilis6s nous empeche presque d’entrer en 
contact direct avec la rdalit6, nous empeche en v&ite de percevoir la r&litd physique du monde et par 1^ 
je crois, je suis certain meme, appauvrit notre vie psychologique. 

De la, je pourrais passer k I’agriculture. Dans le cas de I’agriculture, il est tout a fait certain que les tech- 
niques que nous utilisons dans tous les pays d’infiuence occidentale sont telles que le rendement energetique 
baisse continuellement. On peut facilement demontrer, et cela a 6t6 fait dans de rdcentes etudes, que la 
quantity d’dnergie qu’on emploie pour produire une quantity donnee de nourriture, quelle qu’elle soil, que 
ce soit du mais ou du boeuf, est presque 10 fois plus grande dans des pays comme les Etats-Unis, la Hollande, 
I’Angleterre, la France, I’Allemagne, qu’elle ne Test dans des pays oCi I’agriculture a des methodes qu’on 
dit plus primitives, mais qui en r^alitd sont beaucoup plus efficientes parce qu’elles mettent en jeu le role de 
ph^nomenes naturels, par exemple tels que la fixation de I’azote par les microbes du sol ou les microbes 
associds avec les racines des plantes. 

Un quatri^me sujet que je pourrais discuter, c’est celui de I’archifecture, oil tout le monde se rend compte 
maintenant de la folie incroyable qui a engage les architectes au cours des 50 demiferes annSes & rdsoudre tous 
les problemes de I’environnement humain en pompant de I’^ner^’e pendant I’hiver pour produire de la 
chaleur, en pompant de I’^nergie pendant Vktk pour rafraichir les pieces, alors que Ton savait de tous temps 
comme le savaient ces anciens architectes sur lesquels on a 6crit rdcemment un livre admirable appel6: 
“Architecture without architects’’ (“I’Architecture sans architectes”), en utilisant des ventilations croisSes, 
certaines orientations, certains mat^riaux de construction, ou on peut se permetfre d’avoir une vie, un 
environnement physique extreraement confortables en d^pensant k peu pres 4 ou 5 fois moins d’feergie que 
nous le faisons dans ce batiment ici, 

Le dernier sujet auquel je ferai simplement allusion, c’est celui de la planification, qui permettrait si on 
organisait les milieux urbains et les milieux ruraux d’une autre fagon, aux gens d’avoir des contacts sociaiK 
beaucoup plus intimes et permettrait par Ik d’augmenter cet esprit de communaut6 qui est essentiel 4 la vie 
humaine, essentiel ^ la quality de la vie et pourrait se faire en utilisant beaucoup moins d’energie. 

Je m’excuse d’avoir pr&ent6 tout cela d’une fagon tres dogmatique, je ne peux que vous affirmer que pour 
chacune de ces affirmations dogmatiques, j’ai des faits precis et des chiffres precis i donner. 

RANDERS : Thank you very much Professor Dubos. I will ask who would like to take the floor ? 

BROWN: I have been acutely disturbed by this report. Not because it has not been a good report but 
because there are several very disturbing gaps. First of all, nothing has been said — and apparently you did 
not discuss at any great length — the distribution and extent of energy resources, which is a major factor and 
will continue to be a major factor in deciding where mankind is going. Second, the report that I heard dealt 
almost exclusively with the energy future of the rich countries. Which embraced only one-quarter of the world’s 
population, and which, in another 50 years may well embrace only 15% of the world’s population. Third, 
the report seemed to me to deal with a very long time-scale. I suggest that humanity as a whole is headed 
for a tremendous crisis on a relatively short time-scale which is intimately involved with the availability of 
energy. I believe that we are confronted with a convergence of factors and trends which will result in a major 
crunch for mankind within another 30 years. Which is no further in the future than World War II is in the 
past. I should like to illustrate this predicament with just a very few observations concerning the world food 
situation. Food production in the poor countries today barely keeps pace with population growth. Great 
hopes were expressed for the so-called green revolution, which involves the selection of plants capable of 
absorbing massive quantities of nutrients and water. Petroleum is necessary for the production of fertilizers. 
Now, admittedly, we can produce fertilizers using coal. We can produce fertilizers using nuclear ener^. 
But this is in the future. I am speaking of today. Petroleum is necessary to run the pumps which pump the 
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water for the irrigation, so that one can get two crops instead of one. It is essential that water be applied at 
the right time. Now, as we all know, the distribution of petroleum is inequitable. Because of this pattern of 
distribution the recent tremendous increase in the cost of petroleum has affected various parts of the develop- 
ing world in various ways. Some developing countries have much petroleum and they profit. Others, like 
China and Colombia, are reasonably self-sufficient at present levels of demand. But there is a very large part 
of the developing world, embracing about 60 nations, which includes the entire Indian subcontinent and 
which embraces a population of about 1 billion people, which are extremely hard hit by this situation, and I 
do not see how they are going to get out of it very easily. At the present time India, as an example, must 
import petroleum to make fertilizers and she must import fertilizers because she does not make enough 
herself and she must import food. The price of petroleum is increased by a factor of 4; this has a fantastic 
effect on the Indian economy. The Japanese have been traditional exporters of fertilizers to most of Asia. 
The Japanese have made the decision — and quite an understandable one — that with the limited quantities 
of petroleum available to her which must be entirely imported — they would rather use that energy to make 
automobiles (which are more profitable) rather than fertilizer (which are less profitable). Therefore in May 
a large delegation was sent to Peking and another to India, announcing a 15% cut in fertilizer shipments. 
Superimposed upon this, there is the unknown variable of changing climate. Today we are faced by the fact 
that the United States, Canada, and to a lesser extent Australia and New Zealand, are the only major 
exporters of cereal. Superimposed upon that there is this seemingly inexorable trend of people eating more 
and more meat. We see this in all of Europe. We see this in Japan. America seems to be saturated. It takes 
10 or so calories of grain to produce a calorie of meat. Again, this is intimately related to the distribution 
and availability of energy resources. I suggest that the convergence of these various factors may produce a 
fantastic crisis for humanity on a relatively short time-scale. I did miss in your report any feeling of urgency 
from this point of view. 

BRENDOW: Let me first briefly react on the last speaker’s intervention. I felt that the time horizon of 
our discussions is not the short term, but the long term. The year 2000 — ^for me — ^was the earliest year to start 
with. Secondly, I would like to respond to your invitation, Mr. Chairman, to offer proposals for future and 
long term action in the energy field. I think that one of these actions should be oriented towards a greater 
efficiency in the use of energy. One figure, just to illustrate. If you look at economically recoverable resources 
at present, and go through extraction, conversion, transport, and utilization, you would then note that just 
15-20% — roughly — of the energy content contained in energy resources of the world are efficiently used. 
Studies undertaken in various countries now indicate that we could increase the efficiency of energy use in 
extraction, conversion, transformation, and so forth by 50% or even 60%, involving, however, a certain 
change of the way of life of our society. This will take time. But should we succeed in making governments 
aware of this potential for saving, we would make a very important contribution to solving any long term 
energy problem. 

LEWS: I should like to say that I very much appreciate M. Gibrat’s courtesy in discussing the differences 
that exist between our opinions and those differences remain. However, I am speaking on something on 
which we agree; that is the very important, urgent, immediate step to fight against fallacies in the world; 
particularly against those fallacies which produce fear. There is a fallacy abroad — a widespread idea that 
after exposure to quite low levels of radiation a person — especially a young person — is likely to die of 
leukemia. Table 1 shows the latest and best information of the results of irradiation from the A-bomb 
survivors (Hiroshima and Nagasaki) and the reference is given there as to where the information is published. 


Table I. Mortality Among A-Bomb Survivors, 1950-70 (Data from S. Jablon and H. Kato, TR-10-71, 
Hiroshima and Nagasaki ages at time of bomb 0 to 19 years, in 1970 25 to 44 years) 


Assigned T 65 
dose 

Persons 


1950 to 1970 deaths from 

All causes Leukemia 

All “known” 

32100 

observed 

1147 

46 



expected 

1106.1 

14.1 

> 100 rad 

2441 

observed 

128 

24 



expected 

91.6 

1.2 

10-99 rad 

7085 

observed 

224 

11 



expected 

236.2 

3.1 

0-9 rad 

22 574 

observed 

795 

11 



expected 

778 

9.9 


Expected deaths based on Japanese National Statistics 1960 for same age and sex distributions 


You will notice that this refers to those who were irradiated at the ages of between zero and 19 years. They 
have been followed until 1970 — that is 25 years — when their range of ages were from 25 to 44. From the 
32 100 people irradiated there were observed in those 25 years 1147 deaths. The expected deaths on the Japanese 
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National Statistics for 1960, for the same age and sex distributions, would have been 1106.1. Not a very 
great difference but a very significant difference in the case of leukemia. For there were 46 deaths attributed 
to leukemia, whereas in the normal population there would have been 14.1 expected. Now let us see how this 
breaks down. The same 32 100 total broken down below, there were 2441 assessed as radiation doses of 
greater than 100 rads— that is a fairly considerable dose. Of those, there were 24 leukemia cases whereas 
the expectation for such a small number would have been 1.2. Now we come to the next level of radiation, 
the range from 10 rads to 99 rads. There were 7085 persons and, rather remarkably, the observed deaths 
were just rather less than the national expectation; 224 instead of 236. But again, there was an excess from 
leukemia. Then we come to a very large number of people in the range of 0 to 9 rads: 22 574. There is no 
significant difference between the leukemia deaths in the unexposed population and those that were exposed 
in this bomb explosion. Table 2 shows another report from the same people, from the Atomic Bomb Casualty 


Table 2. Observed and Expected Deaths from Cancer in Ten Years 
(Seymour Jablon and Hiroo Kato, The Lancet, November 14, 1970) 


Maternal 

radiation 

dose 

(rad) 

No. of 
Children 

Maternal 

person-rad 

Cancer deaths under 10 years 

Observed 

At 

Japanese 

national 

rates 

Expected 

Extra at 

572 per 
million 
person-rad 

>1 

551 



0 

0.32 



1-39 

467 

5495 

0 

0.27 

3.1 

40-299 

215 

22 699 

1 

0.12 

13.0 

300-499 

17 

6739 

0 

0.01 

3.9 

500+ 

16 

29 557 

0 

0.01 

16.9 

Unknown 

26 

— 

0 

0.02 

— 

Total 

1292 

— 

1 

0.75 

36.9 


Commission. It concerns something that is controversial in biological circles, in human biology, because the 
general expectation that people had grown to expect, and that Jablon and Kato were using, was that from a 
total of 1292 children who were exposed before birth, exposed in utero, to the atomic bombs — because they 
know the timing of that very well — and these were live births, it was expected that there might have been 
36.9 childhood cancer deaths; instead what was observed was one. And that one was a girl whose mother 
had received 170 rads and that is all, up to the age of 10. And there was no leukemia case. There was one 
leukemia case at the age of 18 (not shown in the table). The dose in that case for the mother was estimated 
at 1 rad, so it was not expected that there was any connection because the basis for that expectation of 36.9 
deaths was quite a simple calculation as follows : 

It is necessary to discuss three factors: the natural risk c< (unrelated to pre-natal X-ray), the fraction of 
pregnancies hi selected for X-ray, and the apparent radiation fector r,-. For each, the subscript i denotes that 
it relates to an identified subgroup. 

By definition r,- . — 

^10 Pin 

where is the number of childhood cancer (or leukemia) deaths in the groups of those irradiated in utero, 
dio is the number of such deaths of those without in utero X-ray, /7,„ is the number in the group or control 
group i receiving in utero X-ray, and Pio is the corresponding number without X-ray. 

It follows also from the definitions that ki the fraction X-rayed 

” PiuKPio Pit^ 


and the natural risk without X-ray C{ 

r^iofPio • 

Table 3 shows that the statistics on which that expectation of 36.9 were based are not valid. This does not 
prove that there is no relation but it shows that there is not necessarily any relation between the obstetricai 
X-rays and the childhood cancer deaths. What we have here is that there were 1 141 childhood cancer deaths 
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Table 3. Childhood Cancer — Oxford Survey Interpreted for Zero Radiation Effect 


Birth rank 


dio 

PiVL 

Pio 

'f 

1000 ct 

k, 


First 

275 

2472 

275 364 2 478 276 

1.00 

0.9974 

0.10 

36.0 

Second and 
later 

219 

3228 

367 032 4 239 658 

1.00 

0 .7614 

0.07967 

60.226 

High risk 

460 

685 

45 989 

68 501 

1.00 

10.0 

0.4017 

1.4968 

Standard twins 

37 

41 

77 228 

84 016 

1.00 

0.4846 

0.47895 

2.1080 

High risk 
twins 

75 

8 

7637 

849 

1.00 

9.764 

0.90 

0.1109 

Mongols 

15 

74 

750 

3700 

1.00 

20.0 

0.1685 

0.0582 

All 

1141 

6508 

774 000 

6 875 000 

1.5573 

0.9466 

0.10131 

100.0 


of those irradiated and there were 6508 childhood cancer deaths of those not irradiated. But, nevertheless, 
because P, the population numbers were different, it appears that on the overall total (column 6) the individual 
apparent radiation effect was a factor of 1 .55. However, if you will do the arithmetic on the numbers that are 
above, you will find that the totals are all correct and that this can be made up out of the groups that are 
shown there — first birth, second, and later births, high natural risk for individuals, standard twins, high risk 
twins, and those with mongolism. In all those cases with no radiation effect, in fact r,- equal 1.0, you find 
that you can add them up and you can get this final result. In other words, this is a trick of statistics that is 
just demonstrating that the conclusion was invalid. It is very sad. People have worked for years and years 
trying to establish this relation between the irradiation of the fetus and some childhood cancer effect. But 
that, I am afraid, shows that it is all invalid. 

STEWART; I should like to address some remarks which I hope are relevant to the present discussion 
but which are directed to the economists who were talking to us yesterday morning. I have been sitting here 
in amazement because all day yesterday — and particularly in the case of Professor Dubos’ intervention just 
before the break — v/e heard an attack on what seems to me to be the very core of the discipline of economics, 
with no response at all from the economists. In Professor Dubos’ talk we heard energy discussed as though 
it were not part of economics. We heard talks about energy savings calculations and of efficiency in energy 
use which were unrelated to costs. I am a fluid dynamist, not an economist, but it seems to me that the very 
basis of economics demands that when you do a calculation you must calculate commensurate things. You 
must insist that the various inputs to your cost calculation be conunensurate, and the various inputs to your 
benefit calculation be commensurate. Otherwise no efficiency calculation is possible. Yet here we have 
heard such a straightforward thing as energy being treated as though it were not commensurate with money. 
This seems to me to be an attack on the very core of economics, and yet we have heard nothing from the 
economists. Perhaps this is because of the point raised by Harrison Brown — that we are subject to changes 
that are too fast for the normal course of economic adjustment, and perhaps too fast for the adjustment of 
the thinking of economists. 

Perhaps a relevant question which can be a source of these difficulties lies within the discipline of my friend 
Professor Benoit Mandelbrot, sitting next to me, who is probably the world’s leading expert on contagious 
distributions. It appears to me that the economists are not fully aware of the possibilities and dangers which 
may arise if nonrenewable resources such as oil and mineral ores occur in such contagious distributions — 
and indeed it seems that the evidence supports such distributions. If so there is a considerable probability 
that we may quite suddenly come to the end of some readily available, comparatively cheap resources: too 
suddenly for our technology and our economics to adjust to the use of much more expensive less concentrated 
ores, for example. If this happens we must expect to encounter in the future other situations where real 
shortages will develop very quickly. As with energy now, we will then no longer have commensurability 
with respect to these materials which have suddenly become scarce. I believe that this loss of commensurability 
attacks the very core of economics as it is presently practiced. 

BEN MENA: J’adopterai la meme technique que Monsieur le Professeur Dubos. 

Monsieur le President, une question a tout k I’heure ete pos6e par Monsieur Brown, concemant les pays 
en voie de diveloppement et plus exactement les ressources energ6tiques pour ces pays en voie de developpe- 
ment. Je peux declarer que le probleme de prevision pour ces pays me semble etre beaucoup plus facile a 
resoudre que les provisions pour les pays developpOs et je vais essayer de dire pourquoi. Dans la mesure ou 
pour ces pays, une croissance est absolument souhaitee, indispensable et que cette croissance va se faire 
suivant un modele qui est dejh connu par les pays developpes, il n’y a pas d’aventure vers I’inconnu. S’il y 
en a une, elle a une probabilite beaucoup plus faible. Par ailleurs, il est absolument admis que la croissance 
de ces pays-la Qes Oconomistes pourront certainement Otayer cette these), sera plus forte que la croissance 
dOmographique. Par consequent, je dois avouer que je ne suis pas absolument d’accord avec ce qui a OtO 
avancO par Monsieur Destival sur les valeurs de la consommation d’Onergie entre 1970 et apres Pan 2000. 
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Comme I’a rappel^ tout ^ I’heure Monsieur Gibrat dans son rapport. Monsieur Destival prdvoyait un facteur 
2, ce me semble un facteur faible et j’ajoute encore: si nous devons tenir compte, comme je I’ai dit tout k 
I’heure, du progres economique que ces pays en voie de developpement doivent accomplir, du niveau de 
vie souhaite qui doit augmenter a son tour, il me semble quc le facteur des besoins en energie ^obal, mondial 
entre 1970 et I’an 2000 serait plutot 6^1 a un facteur 4. Telle est ma premiere observation. 

Deuxieme observation: de crois qu’il faut aussi insister sur un aspect qui a ddja et6 souleve: I’aspect de 
Teconomie, que Ton doit rechercher; peut-efre une approche nouvelle dans la recherche de la rentabilite doit- 
elle etre effectuee pour que la demande des combustibles fossilcs (et je parle principalement des combustibles 
fossiles actuellement) n’aille pas en grandissant, comme nous I’avons tous remarque, et ceci dans I’int^ret, 
je pense, de toute I’humanit^. 

DOSTROVSKY : I wanted to refer to the point raised by Harrison Brown and other speakers. We did, 
indeed, ignore short term problems, not because we thou^t that they did not exist but for two reasons. 
First of all because of the terms of reference, and, secondly, because on the short term problems there is 
really very little one can do in the way of new technology. You are all aware of the time constant for various 
technological developments. Things that were not done 30 years ago cannot be done overnight. In fact we are 
suffering now from the years of neglect. What we can do now will only have its effects seen 25 or 30 years 
from now. I think this is the reason why all of us are addressing ourselves to the year 2000 because that is 
probably the earliest time that any major conclusion or any major change or major technological develop- 
ments will have an effect. So the problem that you raised, Mr. Brown, is a very serious one. I myself share 
your pessimism and your worry and anxiety about the near future. However, as I say, there is not much one 
can do immediately in the sense of substitutions. Here I want to really emphasize that in a sense, in my 
opinion the situation of today shows the failure of relying on the classical market place mechanism for 
automatic adjustment. After all, what happened? The policies on energy were dictated essentially by the 
oil companies; in the terms of their own microsystem where they wanted to maximize their profits, presum- 
ably. That is exactly the situation today. In a session on economics which we had, large emphasis was put on 
the good mechanism of the market-place so to speak, of whether the market-place will decide or will bring 
about substitutions. Here we have a clear case where this did not work. If we are to develop substitutions, 
we shall have to have some more concerted action and more even government-controlled action to make 
sure that these come in time. Now again the time scale for all this is long. To my mind the greatest immediate 
benefit could come not so much in the deployment of new energy sources but in activation of various other 
energy conserving methods, to solve which may require simple technologies. The question really comes down 
to maximizing effort and proper location of our efforts. How much effort should we make working towards 
further sources and how much effort at the same time should be devoted to reduce the gap, the same gap 
that you are mentioning, by other actions — some of which were mentioned by Professor Dubos. Even if we 
accept the minimal growth rate of Mr. Destival — and I personally admit I am closer to Mr. Destival’s views 
than to the more maximalistic views Mr. Lewis has been propounding — it stUl represents a tremendous 
effort to provide these energies. After all, people cannot use more energy than is available. That is just 
impossible. Therefore the real thing to do is to find out what is the maximum rate of deployment of new 
energy resources. How many new reactors can we build a year, for example, even if you accept Destival’s 
view you still have to build reactors at the rate of ten a year or something of that sort? Which means that at 
any one moment we should be having 700 reactors under construction. I am not aware that this is happening 
or likely to happen in the near future. I think that some of these figures we are talking about are just not 
attainable because of the effort involved. Because of that, I think that much greater emphasis should be put 
to changing our way of life in such a way that it will not require this effort, and therefore the gap between 
what we would like to have and what is achievable will be smaller. 

HORVAT: The economists have been challenged and let me try to meet at least partially this challenge. 
If I understood correctly, two points have been made. First we did not take into account the cost of energy, 
and, secondly, that we did not take into account the distribution of energy. I made a quick and rough 
calculation about the development of the cost of energy in the last 100 years. I was working from my memory, 
so I might be wrong, but I believe the order of magnitude will be about correct. It turned out that in the last 
100 years the cost of producing one unit of energy has been reduced between 10 and 20 times per unit of 
labor because that is the only real cost; money does not really matter. Now the point is, what are the 
prospects? From the report we heard this morning, if in the next 50 years we have a breeder developed, then 
per unit of fuel we may expect between 50 and 70 times more energy than today. So I think that one is bound 
to conclude that the trend is likely to continue, the same trend from the last century is likely to be extrapolated 
in the next century. Since no one has detected any discontinuity in the consumption of energy, we are prob- 
ably correct in assuming that the cost of energy will not be going up, or at least will be behaving the same way 
as in the last 100 years — ^which is certainly not alarming. About the distribution of the energy sources: as 
far as the economy is concerned, all the irregularities in the distribution are corrected by world trade. If 
by political power the free movement of goods and resources is prevented beyond the national borders; if 
again by political power monopolies are established and so prices soar up; and also if, due to the political 
structure, the domestic regimes are ineffident and are unable to organize production so that it meets the 
consumption of their people in the poor countries and the political regimes in the developed countries are 
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unwilling to provide the export outlets for poor countries to be able to buy their imports (which by the 
way is just the case in Europe today, where you cannot import meat any more because the European govern- 
ments, in spite of all G.A.A.T. agreements and everything else, have decided to prevent any import of meat 
any more) — if because of these political factors difficulties occur it is not up to economists to solve them. 
Professionally it is the political scientists who have to be asked for the proper solution. 

KELLOGG: In view of the short time and the many other people who wish to speak I shall try to abide 
by my five-minute limitation, particularly in view of the fact that M. Gibrat’s summary was really very 
excellent in general, and as it concerned the subject I was assigned, namely the effect of future energy gener- 
ation on the climate, I thought he covered it rather well. There are just a few things that 1 would like to 
emphasize. Even if there were no climate change due to mankind activities, there would undoubtedly be 
climate change anyway. This, I think, is a fact which we must recognize, and the world must be prepared 
for the kind of things that have been happening lately: the drought in the Sahel of Africa, for example; 
changes in the monsoon circulation; the extreme drought in the summer of 1972 in the Soviet Union, which, 
by the way, is a good example of how climate change in one place can effect the entire balance of trade of 
the whole world. In 1972 wheat prices everywhere went up as a result of drought in one place. The whole 
economy of the world is tied together now in a way in which it has never been before. Furthermore, it is 
probably going to be even more interactive in the future than it is now. 

The fact that man is entering into the equation that governs climate change is, in my opinion, almost a 
certainty. If he continues to expand his capacity to produce energy (and it does seem to be the consensus 
that this will happen), the result will be a global warming, both due to the carbon dioxide he puts into the 
atmosphere from burning of fossil fuel and, on a somewhat longer time scale, due to the direct addition of 
heat. This has been pointed out before — I am not the first person to make this point. In general, a warming 
would seem to be advantageous for the marginal areas at high latitudes, particularly in the northern hemis- 
phere where most of us live. I made the point that a 1° increase in the temperature on the average results in 
10 days more growing time between frosts. We may be talking about several degrees of increase at high 
latitudes in the next 50 years if man’s activities are to take hold. This would seem to be a good thing, on the 
whole, for the northern areas. However, we know from past experience of climate change that every climate 
change is accompanied by diverse effects in many places. I shall not go into the details, but this is due to the 
fact that the atmosphere has standing waves, and iJhe climate change results in a movement of these standing 
waves so that, whereas some regions will warm up, it is quite possible that in the face of a global warming 
other places will become colder. Certainly the precipitation patterns will change all over the world due to 
such a large change in the circulation. Therefore this growing interdependence of the food economy of the 
world means that a climate change any\vhere will have many kinds of repercussions that will go through 
the whole system. We are going to have to readjust no matter what climate changes we have. As the meteor- 
ologists, the oceanographers, and the climatologists refine our models of the climate system we may in the 
future be able to draw a clearer picture than we can now of the patterns of future climate. But one thing I 
think we can guarantee is that there will have to be readjustments, and complex readjustments, in the economy 
of the world. There is one other point which I think was not made entirely clear by M. Gibrat. We very 
often hear of the possibility of sea-level rising as a result of a general warming because of the thought that a 
warmer temperature would result in the melting of the great ice sheets of Greenland and the Antarctic. We 
now believe, as a result of looking at the last glaciation that ended some 10 000 years ago and also based on 
some rather simple thoughts about the fact that if you warm the atmosphere it can contain more water vapor, 
and then more snow will fall on these icecaps, which are generally below freezing. So both theory and experi- 
ence suggest that instead of a melting of these ice sheets, quite the opposite will probably happen as a result 
of a few degrees of warming. They will probably get larger, and this would result in a small lowering instead 
of a rise of the sea-level. I think this is an important concept to keep in mind when you hear that mankind 
is doomed because all our coastal cities will go under water. This does not seem to be on the cards as I see it. 

CHENERY : Well, since economists are being challenged, I shall try to respond. Unfortunately, I do not 
entirely agree with Mr. Horvat, who sees in the long run no particular problem. I think the problem is 
precisely in the next 30 or 40 years in which we need to have a transition in sources of energy and in which 
there are a number of discontinuities. Perhaps we have given the impression of being optimists — that the 
price system solves most problems. M. Malinvaud pointed out in his summary yesterday the number of 
problems the price system as practiced does not solve. One in particular is that it does not signal very well 
future prices. Here, I think, it is one of our problems now that energy has been underpriced for the last 18 
or 20 years in terms of the stimulus that should have been provided to the development of new technologies 
and to economy in use. The various wastes of energy in modem building would not have occurred if energy 
had been priced higher in the last 10 or 20 years. We cannot rely on the price system to give that signal. 
Governments really have to intervene in looking ahead in the way that markets do not. 

I think that we should recognize that in a way the Arabs have done us a favor by correcting the price of 
energy, making it somewhat closer to what its future scarcity value is and stimulating both economy in use 
and the more rapid development of technology or shift to other sources which will need to take place. But, 
as I understand it, the problem will be much more acute in the next 30 or 40 years than in the longer run. I 
think the other failure of the market system is more difficult to remedy, namely that it does not provide a 
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very good distribution of income either among people or among countries. Here it is much harder to see a 
solution. The energy effects on the developing countries which have been pointed out arc extremely acute. 
In solving one problem by raising the price of oil, we have worsened the effect of the low income— in this 
ease the actual purchasing power of India and other poor countries, so that they have a serious payments 
problem. India has to pay nearly $1 billion more for its imported energy, which augments its food problem. 
I really see no alternative solution to this kind of problem. I think the world has to recognize it. It would 
be quite easy for the O.P.E.C. countries, which have increased their earnings from the sale of oil by about 
SIOOO billion per year, to solve this problem by a transfer of the resources to the poor. I would not be 
particularly optimistic that they were going to do that. I should think— although this gets us away from the 
use of energy to the world economy— we should not look for a solution of cutting as we do in the advanced 
countries because material progress is essential in the poorer countries. 

BLACKSHEAR: I am from the State of Minnesota, U.S.A., where we have an energy shortage and an 
agricultural productivity that has led to a group at the University of Minnesota to look at a technology that 
might be of interest to the developing nations. The amount of energy that is contained in our grain crop is 
almost exactly equal to the total energy of the budget of the State of Minnesota, ]0'‘ Btu per year. The amount 
of energy that goes into the State’s agriculture is about 6% of that, including the energy for making fertilizers. 
There arc currently processes available in the developing world for making ammonia out of coal. These 
processes would apply directly to making ammonia out of crop residues. The amount of residues that 
accompany the grain production that I discussed contains energy which is a little bit greater than the grain. 
To maintain soil tilth, it is suggested by our soil specialists that we leave a part of this organic residue in 
the ground. However, the amount of fixed nitrogen that can be obtained by processing the residues through 
gassification and then nitrogen fixation would let it be possible to make enough nitrogen for 100 kg per 
hectare with only 10% of that energy in the grain, hence in the residue. This would leave a residue of energy 
for synthesizing methanol if we have to use existing internal combustion engines in the tractors. Or if the 
Philips Company and Ford and others who arc working on the sterling engine arc successful, it should be 
possible to have even more energy by burning crop residues directly in the sterling-driven tractors. I think, 
along with Professor Brown and others, that the chief focus in this crisis of humanity ought to be in the 
developing nations. I have certainly appreciated this meeting as a place of focusing emphasis, which I hope 
will be of use in directing our engineers in developing new technologies. 

DI TELLA: When we speak of a plan for action we should keep in mind the question of political problems 
and conflicts. For example, the present energy crisis in Europe and in the developed world is not really caused 
by a physical scarcity of oil. It is due to a political phenomenon. Most probably the type of problems we are 
going to face in the 20 or 30 years arc of this type, rather than actual scarcity of resources. We might discuss 
whether in the very long run there is going to be a physically imposed crisis of lack of raw materials. But the 
situation which is just around the corner is one of increased world conflict due to pressures from various 
countries or regions in the world for access to resources using political action. We should give more attention 
to this; in a sense preparing for world planning. One of the elements of world planning should be world 
prices. 

FORRESTER: There is an underlying fundamental issue that has not been raised in this discussion of 
energy. Everyone is assuming that the condition of mankind will be improved if we produce more energy. 
But we should ask whether or not we want to solve the energy problem. More energy can create new 
difficulties. Our social systems can transfer pressures from one part of the system to the other. If we relieve 
the symptoms in one part of a system, other symptoms will appear elsewhere unless we have mastered the 
underlying cause of pressure. Most of our social difficulties are being generated by rising population. As 
population comes against a sequence of limits, pressures appear in one place after another. Most concern 
is now being expressed about the physical limits — land, food, energy, resources. But there are another set of 
very important limits. These are the social limits that manifest themselves in aircraft hijackings, drug 
addiction, mental illness, revolutions, and the ultimate one of international atomic war. Removing a physical 
limit takes emphasis off the question of rising population and therefore encourages higher population density. 
Higher population density increases social stresses by increasing social complexity and interpersonal conflict. 
So, solution to the physical limits will be seen in the long run as a process of shifting from physical stress to 
social stress. It will be a poor bargain because we know so little about coping with social stress. An energy 
shortage should not be taken as a technical challenge to be overcome but as a warning and as an aid to slowing 
growth before we reach the point of social breakdown. 

DATTA: It is significant to note that people of the developed countries, representing 25% of the world 
population, use 85 % of the world energy. In the world plan of actions, such a discrepancy is highly untenable, 
and planning should tend to reduce this gross inequality. In the developing countries the pattern of use of 
energy is such that there are three groups of areas, e.g. (a) rural areas wherein a good number of people live, 
(b) small towns, and (c) large metropolitan towns and industrial areas. The energy needs of these groups are 
entirely different. In the case of India, the (rural areas) villages with a population of less than 1000 in each 
cover the major part of India’s population (in some 466 600 villages the population is nearly 250 million). 
Meagre energy needs in this group are for cooking, lighting, pumping of irrigation water, portable water, 
drying, and limited social and cultural activities. The daily average consumption of energy is between 150 
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to 250 kWh per \'illagc. Cowdung, firewood, and kerosene arc the mainstay as sources of energy. In the group 
of small towns (urban situation) in India with populations between 1000 and 10 000 (constituting 200 million), 
the consumption pattern of energy is (i) agriculture, 35%; (ii) industrial, 30%; (iii) transport, 5%; (iv) 
domestic, 10%; (v) others, 20%; the average daily consumption per town being 1000 to 10 000 kWh. In 
metropolitan and industrial towns of India, in each of which there is a population of more than 100 000, 
invoh'ing a few square kilometers or more, the requirement of energy is mostly for (i) industries, 70%; 
(ii) transport, 3%; (iii) commercial activities, 8%; (iv) household, etc., 6%; (v) others, 13%. In any plan of 
actions for future mankind, these realities of the developing countries must find a place. The overall picture 
of the energy consumption pattern in India is such that of the total consumption of energy in 1970-1 (409 
million tons of coal replacement), 45% of this was from noncommercial sources, c.g. dung, firewood, and 
waste; in earlier years this percent value was higher; it is c.\pcctcd that this value will come down to 30% by 
197S-9; coal, oil, natural gas, hydro and nuclear constitute the commercial forms of energy. There are 
terrible limitations of the reserves of oil, natural gas, and hydropower; nuclear posver in India has recently 
started taking root. Coal, whose proved rcscn'c in India is 26 000 million tons (gross = S3 000 million tons) 
appear to be the mainstay for the commercial source of energy at least for a few hundred years at the present 
annual rate of consumption of 74 million tons (u hich is being doubled in a few years’ time). With the internal 
production of crudes at 7 million tons annually, and requirement of 24 million tons per year, the foreign 
exchange bill for import of 1 7 million tons of crude per year will cost the Indian exchequer Rs.12 000 million 
(as against Rs,2000 million earlier) (1.7 rupees = 1 FF). Of the projected commercial power requirement in 
India corresponding to a capacity of 30 MkW by 1979, 60% of this power will be by thermal and about 49% 
by hydro, and a little by nuclear; by the year 2000, with the per capita consumption raised to 1000 kWh, the 
required power cap.icity in the commercial sector has to be raised to 200 MkW ; for the entire energy require- 
ment one has, therefore, to look to the alternate sources of energy like solar, wind, tidal, geothermal, fuel 
cells, and magnetolydro dynamics. While the limit of hydro power (at 60% load factor) is estimated at 41 
MkW in India, the tidal and geothermal power capacity will be ICOO MkW each; solar energy, although 
dilTusc, is available for a longer period of the year in India and also in many other developing countries. 
Assessment has to be made for both commercial and these alternate sources of energy in the developing 
countries. In framing the global energy model in the plan of actions for future mankind, these pertinent 
parameters of the developing countries should be cficctivcly fed into the model to make accurate forecasts. 

RANDERS : Thank you scry much, Mr. Datta. We now have two suggestions of how to solve the problems 
of the advanced world. Most proposals seem to indicate that we should use less energy per head in the future 
in order to ot crcomc the difficulty that we cm see meeting us in the future; we must reduce the use of energy. 
On the other hand, we have the request from the technologists that we should produce more energy, better 
reactors, solar cncrg>', fusion, and so on. That is the opposite request. 

The third possibility which Dr, Forrester mentioned was that maybe we would prefer to live with the 
physical limitations of cncrg>’ instead of meeting the social limitations that would destroy our society for 
other reasons which might be even more unpleasant. It might be easier to be forced by physical pressures to 
live a simple life in our society. 

Now as regards a solution to the developing countries, we have not had any real good suggestion during 
our entire meeting. Obviously we have understood that the developing countries must have an increase. 
While this is doubtful for the advanced nations, there is no question but that there be a doubling and re- 
doubling for the developing nations. 

It has been pointed out that this really means more energy than we can provide in the next 30-50 years. So 
here we have not really had a positive suggestion for the solution because nobody has suggested that the 
tapering off in the developing countries yet, while this has been done for the advanced countries. I just wanted 
to make this observation. 

PEYCHES: Un sujet me tient a cocur: le role do I’cncrgie solairc pour les pays en voie de developpement. 

Plusicurs personnes se sonl 6tonnees que les problimcs soulevds par les besoins en dnergie aient did surtout 
ddveloppds dans I’optiquc des pays nantis, D’autre part, I’dnergic solaire n’est inters’enue que d’une manidre 
allusive ct Ic scul exposd qui lui ait dtd consaerd en Commission nc concernait que le cas d’un pays hautement 
industrialise: Ic Japon. Jc voudrais rectifier tout d’abord deux affirmations entendues au cours des debats. 

— L’energie solairc cst pour le prochain siccic. Ricn nc justifie cette affirmation car il n’y a pas de 
phdnomene nouveau, pressenti aujourd’hui, qui puisse modifier radicalement la tare de I’dnergie 
solaire : sa faiblc densitd dnergdtique & la surface de la Terre. Des qu’on I’accepte, toutes les technologies 
de captage ct de conversion sont disponibles des maintenant ct ne demandent qu’^ etre affindes ct 
surtout gdndralisdes. 

— L’dncrgie solaire demande (pour iiii captage en puissance) des surfaces prohibitives. Un chifirc a ete 
cite; 6000 hectares pour unc centrale solairc de 1 gigawatt. Jc rappcllerai que la retenue du barrage 
d’Assouan, d’une puissance comparable, couvre 500 000 hectares. Le barrage fournit 2 kWh/mVan, 
alors que sa retenue re?oit du soleil 2500 kWh/mVan. Memo avec le rendement de la photosynthese a 
2%„, la culture d’algues sur cette surface, miscs en fermentation pour alimentcr une centrale thermique 
produirait davantage. D’autre part, il faut aussi prendre en comptc la surface ^ neutraliser— pour des 
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questions dvidentes dc sccuritd— aulour d’unc grande ccntralc nucldairc. Jc crois qu’un rayo 
4 km n’est pas superflu. Done rargument surface n’est pas didsif, 

Jc conviens pourtant quo I’utilisation dc I’dncrgic solairc cn ccntralc dc puissance n’est pas dans sa voa 
naturcllc; par centre I’usagc dispersd, IcI qu’il apparait possible dans Ics pays cn voic dc ddvcioppcmen 
bdndficicnt cn gdndral d’un excellent cnsolcillcmcnt, parait pouvoir constitucr unc aide majeure app( 
aux populations, ct il cst regrettable que cct aspect n’ait pas dtd mieux examind au cours dc cette confdn 

Cette remarque nc conccmc qu’un aspect d’un sujet bicn trop vastc. 

CAPRIOGLIO: I would like to address myself first of all to the economists, since this Is becoming fas! 
able today after their request to give them expert advice. I am not so sure they arc going to be satisfied b 
the expert advice we arc giving them. Of course, it is somewhat naive to expect expert advice in a difi 
and new field. It takes time to create a scientific truth and for experts to agree on it. In fact, it takes tin 
create anything and do anything for mankind. This is the first point I would like to make. Among 
limits of growth that we can talk about there is one we have presumably already touched and this is prob 
why we arc so concerned about so many other things. This is the limit connected with the time conslai 
mankind and this time constant is in time linked to the succession of generations. It takes years to buil 
anything, it takes years to build up our beliefs, it takes years to change one’s cultural background; in fa 
takes generations to change cultural backgrounds — this is the time constant that we arc faced with. 

If we keep the rate of development of mankind within reasonable limits, its capacity for adjustmci 
very large indeed. And “reasonable” means “compatible with the capacity of each generation to adji 
The real problem is that, during these last years, we have been touching the limit of acceleration th 
generation is ready to accept and cope with. This is certainly much more true of social and cultural is 
than of physical or material questions. 

The difilcultics that Dr. Forrester was seeing I think arc visible to anybody, but I do not think they are 
to growth as such. They arc most likely due to the fast acceleration of growth that has taken place du 
the last 20 or 30 years, and this has touched on the very fundamental problem that mankind is always cap 
of change, but on the condition that enough time is available. Any individual cannot change his opinions 
his behavior, or his habits, loo many times in his life. 

Having said that, I am not going to try and convince anybody about any technical matter. I am sin 
going to present a few beliefs I happen to have, knowing that each of them can be challenged. 

The first one is that the absolute limit of growth is very far away, more than a few generations av 
The second one concerns energy. What in fact we need is not energy, it is negative entropy. And this is i 
electricity and hydrogen arc so important and arc likely to sweep the energy market; they arc rich in nega 
entropy. The third belief is that, at the primary sources of energy, there is hardly any problem in 50 or 
years or more even. But, because of the long time-constants involved, we arc likely to have problem: 
short term. As far as transport and utilization of these primary sources is concerned, the situation is, on 
contrary, quite worrying both at short and at long term. The natural consequence ought to be that reser 
should be concentrated on transport and utilization of energy rather than on making primary sources a\ 
able. Unfortunately the contrary is true, and this is why I am pressing for an intensive development of hyc 
gen production and utilization. 

Finally, I believe that we should take the habit of thinking one generation ahead (30 years or so) and j: 
one generation ahead. It is not going to be easy, but it has to be done if sensible decisions have to be tai 

RANDERS: Thank you. I want to point out that I have speakers who will take up the rest of the timi 
the discussion here. Of course if something very urgent should come up we will try to arrange it because 
it is, we might not even have time for everybody on the list. It may not be necessary to have a popular vc 
we may manage to do it in the time allotted; I will try. Now if everyone svill cooperate, Mr. Oyawoye will 
able to speak. 

OYAWOYE: When I was invited to participate at this conference I accepted with a rather differ 
understanding of what it was all about. I am not saying this as a way of saying that 1 was disappointed— 
from it — it is just that my understanding has changed since. I thought that the conference rvas concen 
from a global point of view about the whole of humanity and the dwindling resources of the earth. I th 
that, generally, human beings are supposed to look after their own immediate interests with more cone 
than those of others. In this respect I should say that I was greatly impressed by the concern that was she 
by a large number of people from the developed countries about development in the poor nations, bi 
must say that I was disappointed in some sense by the fact that certain emphasis is now being placed on 
problem of that part of the world which consists only of overdeveloped and developed people. We sometir 
forget that the world contains also developing people as well as very underdeveloped people, I think tl 
when we talk about the resources of the earth we talk in terms of food, fresh air, metals, and energy; s 
these are things which are essential to good life and good living. I think that the problem which appears 
me to have been discussed so far is how do we, that is the affiuent people, continue to maintain the type 
life that we are having now without having to go back or restrain growth. 

I am not saying that this is what everybody has said, but I think it represents the average of the gene 
discussion that has gone on. The tone in the energy report appears to be — don’t worry. Let’s go on as 
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have been doing. By the time we develop hydrogen and nuclear energy and so on, everything will be O.K. 
They missed the point of the conference. I think that the real problem is — if viewed from the total world 
concept — not really how do we bring in to use other types of energy sources in the 30 years. Assuming that 
the world consists of every people — poor, average, rich, and very rich, and with a limited amount of food, 
fresh air, metals, and sources of energy, the problem is how to go about sharing these among the people of the 
world to maintain a certain amount of equity. As far as shortage is concerned, I think at the moment there is 
in a way of thinking no problem for underdeveloped countries. As we say in my own country, if a person is 
already flat on the ground he cannot fall very much further. The total amount of energy we underdeveloped 
people consume at the moment is so insigniflcant that even if we raise it by 10% the increased amount would 
not come to what we or anyone could worry about. I think it would have been fairer at this discussion to 
put more emphasis on the ethical question: How should the rich nations go about maintaining their high 
living standard without putting so much pressure on the earth’s resources, raising the prices so much that the 
people who are way down have no chance of coming up at all? I think there is more of a problem there for 
humanity as a whole than the questions on which I think emphasis is being placed. I think it is fair to say that 
if less pressure was put on, say, world resource of petroleum by the developed countries, the price would 
automatically adjust itself to a level which would not cause the type of problem which was being faced by 
developing countries at the moment. The question I kept on asking myself was whether it was appropriate 
— but I am not insisting that it was appropriate — ^for people to say that it is equitable; for one to insist, for 
example, on lighting a room with ten times the amount of light that is actually required to see comfortably, 
just to make it more pleasurable to look at. But you see this is looked at from a different background, and 
perhaps from a little more selfish point of view. But I say this because I like that way of thinking and it was 
responsible for my opening remark. I shall not take more of your time, Mr. Chairman, but I think that one 
would be unfair to himself not to underline the essential points which 1 have tried to make, which, in short, 
are these: I think that the problem for developing countries is a question of whether food, metals, energy, 
and fresh air will continue to be available at prices which will make a start with their development possible. 
I say that if the developed countries continue to put such high pressure on these materials by consuming at 
an accelerating rate as they have been doing, the price will go up and the shortage will crush the under- 
developed countries. 

MALTNVAUD: Je serai tres bref. Monsieur le President. Je voudrais simplement signaler que, s’adressant 
aux dconomistes, certains de nos collegues commettent une fois de plus des malentendus. Je voudrais en 
prendre deux exemples: le premier conceme I’incertitude de la croissance future, incertitude qui pent meme 
prendre une forme extreme, telle qu’elle est illustr^e par les lois de mon ami Mandelbrot. A ecouter ce qui a 
dt6 dit hier apres-midi et ce matin, j’avais le sentiment que les economistes avaient insiste sur cette incertitude 
plus que les autres. Nous n’avons pas cite de chiffres pour le rythme de la croissance, parce qu’il aurait 
fallu ii chaque fois les accompagner de marges d’incertitude. II me semble que les specialistes des sciences 
physiques ont et6 beaucoup moins prudents sous ce rapport. On commet une erreur si Ton imagine, par 
exemple, pr6voir pr^cisement la consommation d’6nergie en 1990. Toute notre strategic d’action doit done 
tenir compte de ces incertitudes, comme j’avais essaye de I’expliquer et comme le Professeur Meade avait 
essaye de I’expliquer lui-meme. 

Le deuxitoe point conceme le role que joueraient les institutions actuelles pour assurer une progression 
r^guliere et continue dans I’utilisation des ressources. On nous a accus6s de croire que tout s’arrangeralt 
bien, sans que sclent fondamentalement changes les modes de decision actuels. Li encore, il s’agit 
d’un malentendu. Sans aucune modestie, je vais vous renvoyer a mon article dans I’ouvrage que vous avez 
a votre disposition. Aux pages 45 et 46, j’ai traite du controle de la croissance ^conomique globale, en 
accordant un certain soin au choix des mots. Puisque ce texte a ete discute dans notre groupe et puisqu’il 
n’y a pas eu d’objections a son sujet, il re?oit I’adhfoion de la plupart de mes collegues. II y est 6crlt que 
I’on n’a absolument aucune garantie, que le systeme des prix jouera correctement pour fixer le rythme de 
la croissance 6conomique et celui de I’utilisation des ressources. 

Cela a ete 6crit avant cette reunion. Il ne faudrait done pas attribuer ici une attitude que nous n’avons pas. 

Je voudrais, si vous le permettez, terminer par une note un peu emotionnelle qui m’est personnelle. On 
nous reproche de croire que les institutions actuelles du monde sont satisfaisantes. En fait, la plupart d’entre 
nous sont economistes parce qu’ils sont convaincus du contraire et parce qu’ils ont voulu travailler pour 
ameliorer les modes de ddcision qui s’appliquent dans nos organisations sociales. 

DALCQ; Je suis un peu gen6 de prendre la parole parce que, contrairement a ce que font en g6n6ral les 
autres orateurs, je ne puis invoquer aucune specialisation d’aucune sorte : je ne suis specialiste de rien du tout. 

J’ai ete nourri de “principes biologiques” par mon pere qui a cree labranche beige de I’lnstitut de la Vie. 
Cela ne m’a pas empeche de prendre un doctorat en chimie et de m’interesser aux sciences economiques, 
d’entrer dans I’industrie et puis finalement I’industrie m’a demande, il y a 4 ans de m’occuper de protection de 
I’environnement. Ainsi la boucle se referme puisqu’il s’agit de la protection de la qualite de la vie et de 
la vie ellememe. 

Si je prends la parole, e’est simplement parce que j’ai ete encourage par I’appel vibrant a la plurl-discipli- 
narite par lequel Monsieur Gibrat a termini son expose magistralement clair et simple. Il nous a dit que nous 
pouvlons attendre beaucoup de puissance des surgen6rateurs et H.T.R. Il nous a dit aussi qu’il y avait ■ • i 
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de mcmc un grand danger: cclui du plulonium, qui pouvait tomber dans Ics mains d’irrcsponsabics ou ctre 
utilis6 h dcs fins auxqucllcs il n’est pas dcstind. On nous a dit aussi que Ics besoins cn dncrgic allaicnt 
s’accroilrc considdrablcmcnt. Monsieur Dcstival pense qu’ils vont doubler, d’aulrcs colldgucs dcs pays en 
ddvcioppcmcnt pensent qu’ils vont quadrupicr, ccia n’est pas mon problemc. Jc n’ai aucunc compdtcncc pour 
discutcr de ccs clioscs, mais ils vont augmenter considdrabiement. II faut done, comme on I’a soulignd, que 
dans Ics 25 ou 30 anndcs qui viennent, on dispose de ccs sources d’dncrgic ct il faudrait qu’clies soient Ic 
moins polluantcs possible ct qu’cllcs nc soient pas accompagndcs de la prdscncc de ccs produits trds dangereux, 
memo si Ton croit pouvoir Ics maitriscr du point de vuc sdcuritd A 99 ou a 99,9%. 

Ma fonction dans unc socidtd cliimiquc transnationalc m’a conduit ri devenir Ic reprdsentant de I’industric 
chimique de I’oucst de I’Europc pour les questions de protection de renvironnement ct, d cc titre, jc suis 
devenu membre du Conscil de Direction du Centre International de I’lndustric pour I’Environncmcnt. 
J’ai assistd, grace it ccIa, aux deux conscils d’administration du Programme dcs Nations Unics pour 
I’Environncmcnt Ic premier, it Gcn6vc Ic second it Nairobi (Kenya). Ccs Conscils d’Administration ont 6t6 
pricidds par unc asscmblde mondialc dcs organisations non gouvcrncmcntalcs. 

II y cn avait plus de 250. Jc puis vous assurer que ccs organisations, qui, si dies nc reprdsentent peut-ctre 
toutc la conscience du mondc sont quand mcmc son expression la plus organisde, sent absolumcnt opposdes 
it CCS sources d’dncrgicqui component de graves dangers, ct feront ct font ddjit pression sur Ics gouvernements 
pour que Ton s’adrcssc ii d’autres typos de solution. L’dncrgic solairc, on nous a dit que c’dtait lointain, 
’dncrgic de fusion aussi (bcaucoup de probldmcs techniques sont parait-il non rdsolus). Alors jc voudrais 
terminer cct exposd par unc vdritabic question que jc pose aux spdcialistcs: lorsqu’on cst devanti 'Asscmblde 
mondialc dcs organisations non gouvcrncmcntalcs ct mcmc au Conscil d’Administration du Programme dcs 
Nations Uniospour I’Environncmcnt, quelle cst la solution au point de vuc dncrgic que vous rccommandcricz 
d’adoptcr pour qu’ellc soit la moins polluantc, la moins risqude possible ct qu’cllc puissc ctre acccptce par la 
conscience de I’liumanitd tout cn nous donnant I’dncrgic dont nous aurons besoin? 

DUBOS: The atmosphere being so gloomy, I shall present only two examples to illustrate that there is one 
component that we seem to eliminate from our projections into the future. Namely, that human beings are 
immensely adaptable and immensely inventive, and that has solved on many occasions problems probably 
much more difficult than the ones we arc facing now. Since this would be too long to develop seriously as a 
theme, allow me to mention one tiny, small illustration of what human beings can do to make present 
institutions respond within a very short time— at times a matter of months— to a profound change in the 
total world picture. I happen to know Belgium quite well and I happen to have spent last week in Belgium 
at the conference concerned with agriculture and the environment. While travelling through Belgium I saw 
once more — as I have seen many times before— those immense greenhouses which the Belgians had built to 
grow some of the best table grapes in the world which they used to export to all of Europe. So I inquired 
about the production of grapes and was told that it had almost completely disappeared because of the new 
market conditions created by the Common Market. Now docs that mean that the Belgians have been unable 
to adapt to this situation? far from it. Within a very short time they have discovered that with some very 
slight modifications of technique they can use the same equipment to produce a kind of crop that cannot be 
shipped from the southern countries, namely lettuce, and to some extent, tomatoes. So one secs that within a 
few years’ time, a complete recasting of a kind of production to meet changing world conditions. Allow me to 
place myself in the United States for another trivial example. Last year, as many of you probably know, the 
price of beef increased enormously there. Within a very few months, the production of chicken and especially 
of broiler kind of chicken which can be organized in a few months, increased enormously, and people 
learned to eat broiler chicken instead of beef. The third example is a little more complex. But one that you 
will be able to see with your own eyes, I am convinced, within a very few years. Because of the increased cost 
of any form of energy, whatever or however it is being produced, it is obvious that the kind of buildings which 
have made all of modern architecture during the past 50 years, is absolutely incompatible because of the 
expenditure of energy that it implies — just imagine, we are in the middle of the day and we have to have light, 
we have to heat, or we have to cool, whereas we could very well save that energ>'. I happen to be very 
familiar with the planes of the United States and I suppose in the rest of Europe, but in the United States, 
in the schools of architecture, where one is not only learning but beginning to practice a different form of 
architecture, where the form of energy for better living and working conditions would be decreased, I am 
told by the architects and engineers who are working on this, by some 30%. So I mention these examples, 
not to document such a complex thesis but at least to give you some confidence that we human beings have 
faced many problems during the past 5000 years of civilized life but we have found ways of responding 
adaptively to all sorts of changing conditions and that we are doing it right now. 

SIKKA: I am a geologist by profession. I shared the views expressed by my Nigerian colleague. I was 
going to talk more but he has covered most of the subjects. I should like to make a brief remark on some other 
aspect: 2300 million people so far have been providing the bulk of the mineral resources to support nearly 
900 million people. The bulk of the future resources are going to come from the very countries who are 
called “underdeveloped.” These are the countries which have the bulk of the population. Better understand- 
ing of the geological knowledge in these countries is going to lead to discoveries of many deposits. I do not 
share the view that we are running short of resources and that the cost to produce metal is going to increase. 
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On the contrary, wc study many of the metals, cost has been nearly going down, neither is the energy content 
going to increase to the extent that it is going to affect the costs. But in most cases the energy content will go 
down. What is really needed is Secretary Kissinger’s views which he gave to the sixth session of the General 
Assembly and wc should consider them. Secretary Kissinger said: “We are prepared to facilitate the transfer 
of technology and assist industrialization. A healthy global economy requires that both consumers and 
producers escape from the cycle of raw materials surpluses and shortages which threatens all of the economy.” 
1 think wc should view this statement here for the betterment of mankind. 

NOGUCHI: Because of the time limitation I make a brief comment. Most of the energy resources have 
been localized in a sense, and this problem — as well as the transportation problem — should be taken into 
consideration in a global analysis of future energy systems in addition to the nature quantities and distri- 
bution of energy resources. The limit of growth has often been discussed recently, and this sophisticated 
problem contains many conflicting phases such as some countries may have the time and funds to develop 
alternative sources energy until the exhaustion of fossil fuels, while many of the developing countries have 
to face the difficulties in R & D on new sources of energy in finding the solution prior to an expected energy 
crisis. However, very few detailed analyses on the problems and the predictable factors related to zero 
and minus growth have been made satisfactorily. It seems very likely for mankind that we have to decelerate 
the growth in the future. This problem might be closely related to the analysis of the environment capacity. 
In Japan wc arc very poor in the sense of natural resources, while we have perhaps more than eight times the 
energy consumption per unit area than that of the United States and also seventy times of the world average. 
In 1973 it caused a serious problem in water, thermal air, and pollution. International cooperation on a 
problem of this type might be very feasible and accessible, while the international cooperation on the 
energy supply and demand might be complicated in the later part of R & D. 

JOHANNAS: As you know, I come from a developing country with a population of 130 million people. 
I should like to comment on the proposal already made during the meeting, namely to reduce the rate of 
growth of population in developing countries and at the same time to reduce the rate of economic growth of 
developed countries. 

With regard to the population growth of developing countries, I would like to stress here that most 
governments, if not all governments in developing countries, are well aware of this problem and have 
implemented one or another measure to cope with it. Whether these measures have succeeded in reducing 
the population growth is another matter. I believe that we really have to surmount tremendous difficulties 
to make this program a success. 

The most difficult problem is the traditional attitude of the great mass of the population which is based on 
an agricultural way of life, where children arc not considered as more mouths to be fed but as more hands to 
be used in the field. The second difficulty is that the great mass has no sense about the future. Their daily 
concern at present is: What will we have to eat today? having no time yet to think about tomorrow. How 
can this great mass of poor people ha\'c any sense about the future if there is not present yet? The first 
solution for the reduction of the population growth is to raise the standard of living of these people. Or in 
other words to do something what is meant with the word development. These people have to be educated 
if we want them to have any understanding about the future. I have to admit that is a difficult job to do. I 
myself have had some experience in this field. I have at home two women servants, a mother, and a daughter. 
It didn’t matter how much I told them about birth control, they both continue producing children every 
other year. Maybe wc have to concentrate on the formal education of their children. Therefore we have to 
cope with the reality that for some time to come the population of the developing countries will still be 
growing at a fast rate, and it will take some time when the program of population control will start to 
materialize. 

I am not accusing anybody why wc arc in such a mess, and certainly will not accuse ray parents, for 
instance, why I happen to be in this crowded world. I can tell you how it feels to be in a crowd because 
I am a member of a family of 14 children of which I am one of the oldest. It takes a tremendous effort and 
many sufferings to give them all a decent education. 

With regard to continued economic growth at the same rate in the developed countries, I would like to 
pose the following questions : What are you seeking in more and more affluence ? Are you frying, for instance, 
to make it possible for all your people to stay at the same type of hotel where we are staying now ? By paying 
more and more you are not getting better and better services. You have to line up to get your breakfast, to 
get your key, or to pay your bill. This morning I am asking the question: Why are we not staying in the 
hotel near our conference hall ? and get the anssver that to get in there we have to line up for one year. Your 
body cannot take much more than what is needed for it to function. You can produce more and more beef 
but cannot eat all of it. People start to go on diet and now are going back to the so-called natural food. Or 
are you going to continue to produce more of which a great part is being wasted, polluting your environment ? 
That is what is happening now. I have a strong belief that in the developed countries you can save more, putting 
you really in the position to help the developing countries in achieving their goals to develop their economies. 
And in that way, too, it will help in achieving the worldwide objective of reducing the population growth. 

The question can be posed: In what way can cooperation between developed and developing countries 
be realised? As it happens now, developed countries have depleted their nonrenewable resources or at 
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least have some shortage of it. The developing countries still have their resources, wliieh is wailing to be 
developed. This will inereasc their national ineomc and their ability to develop their own eeonomies by their 
own means in the long run. 

Cooperation can be based on mutual need, and I would like to call this base of cooperation the concept of 
“resources sharing.” 

Developing countries have the natural resources that can be shared by developed countries. Developed 
countries have their scientific and technological knowhow that, hopefully, can be shared by the developing 
countries. I think that capital for development docs not matter very much; it can be put by both partners 
jointly or supplied by one party only, and it is to be c.\pcclcd that everybody will receive a “fair share” 
depending on their inputs. How much will it bo? I certainly do not know yet at the present time, but we can 
talk about that to find out. 

RANDEIl: Thank you very much. I believe these words of direct advice we received during today’s 
session will be appreciated and I am appreciative that you did express them. We will now adjourn. 
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INTRODUCTION 


C. M. Tarzwell 

Box 159, Old Post Road, Wakefield, R.L, 02879, U.S.A. 


I should like first to introduce the panel. Beginning on my far left is Professor Peres, the 
rapporteur, who will summarize our two days of deliberations giving our main conclusions 
and recommendations. Professor Peres is director of the Marine Station and of the Oceano- 
graphic Center at Marseille. Professor Golterman is in the Limnological Institute of the 
Netherlands. M. Balhoul is in the National Meteorological Service here in Paris. Professor 
Mihursky is at the Chesapeake Bay Laboratory, Natural Resources Institute, University of 
Maryland. Professor Hedgpeth is in the Marine Science Center at Newport, Oregon, and he 
is with Oregon State University. Professor Barnett is with the Scottish Marine Biological 
Association. This session diifers from other sessions of this conference in that we are dealing 
with biological matters. Because the terms we use may mean different things to different 
people, I feel that one or two definitions are in order. This session is concerned with bio- 
logical balance and thermal pollution. By biological balance we mean the relative abundance 
of the different species that make up a population. Of course we also call it the balance 
of nature. If this balance is disturbed or some element destroyed due to some action, it 
can cause a chain reaction that can have effects that are not anticipated and that may be 
far reaching. Thermal pollution is a term which is now widely used. To better define its 
meaning I would like first to define water pollution. When I speak of water pollution I 
am speaking only of effects due to man’s activities. In this context, water pollution may 
be defined as the addition of any material or any change in the quality or character of 
a water which interferes with, lessens, or destroys a desired use or uses. If there is no 
harm to a desired use or uses there is no pollution. 

However, it should be pointed out that what might not constitute pollution for one use 
may constitute pollution for another use or the reverse. Generally speaking, the shortest 
definition for pollution is too much, too much of anything. It could be too much distilled 
water in a stream or too much sea water at the upper end of an estuary or some other material. 
However, just the addition of some material, if it does not cause harm to a use, is not 
pollution. Therefore, thermal pollution must mean that there is enough heat added or taken 
away so that a desired use or uses of that water is harmed. Man has been able, over the 
ages to influence his environment through changes in land use or modification or destruction 
of the vegetative cover. Almost without exception man has carried on his activities with 
little or no regard to the effects of his activities on his environment or that of other organisms. 
We have checks and balances in nature. If something occurs that favors one species it may 
increase in numbers at the expense of another species. Or it may so increase in numbers as to 
dominate the population and push the other organisms aside even to the detriment of itself. 
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Species have come and gone in geological time. Man has now no predators. He has controlled 
to a large extent his parasites and disease. Man must therefore control his own population 
if he is going to live compatibly on this earth and continue to exist as a successful species. 
We have heard a great deal in recent years about thermal pollution. Due to the publicity 
given to the thermal electric generating plants I think most people feel that thermal pollution 
is synonymous with these plants. This is really not true. Some industries, especially the steel 
mills, have been releasing a good deal of heat for many years. We have another source of 
heat, the sun which has warmed out waters because of a number of man’s activities. De- 
forestation, lumber drives, overgrazing, unwise agricultural practices, extensive and in- 
tensive drainage, road building and dams, have destroyed vegetative cover, increased erosion, 
decreased percolation into the soil, exposed thewater to the sun and lowered the water table. 
We have less spring water coming in to keep the streams cool. There is more warm surface 
water. The streams have been openedup to the sun’s action. The warming of streams this way 
has made a large percentage of our trout streams unfavorable for trout. Many former trout 
streams are now favorable for trout only in their headwater areas. So, I would like to point 
out that thermal pollution is not new and that it is not caused only by thermal electric 
plants. In fact, the warming effects due to those activities of man which I have enumerated, 
are up to the present time more important and more widespread than has been the effects of 
the thermal electric plants. However, they are the source of tremendous amounts of heat and 
will become even more important in the future. The discharge of waste heat to our water 
must be controlled. I would now like to call on our rapporteur. Professor Peres, who will 
summarize our deliberations, our conclusions, and our recommendations. 



RAPPORT DU GROUPE MODIFICATIONS THERMIQUES 
ET EQUILIBRES BIOLOGIQUES 


J. M. Peres 

Membre de I’Academie des Sciences 

Directeur de la Station Marine d'Endoume et du Centre d'oceanographie, Universite 
d' Aix-Marseille, rue de la Batterie-des-Lions, 13007 Marseille, France 


Le groupe de travail “Modifications thermiques et equilibres biologiques” a tenu quatre 
seances de travail an cours desquelles ont ete presentees, outre quatre rapports introductifs, 
20 communications sur des sujets particuliers. 

Le probleme des modifications thermiques dans I’atmosphere et dans les eaux est certaine- 
ment important, et Ton doit savoir gre a I’lnstitut de laVie de I’avoir retenu parmi les themes 
de reflexion proposes aux participants de la presente conference, bien que les effets n’en 
soient pas encore pergus avec acuite, sauf toutefois dans les eaux douces. 

Au point de vue analytique, on est certes oblige de distinguer, dans ce rapport general, 
les efiets sur les phdnomenes atmospheriques et ceux sur les milieux aquatiques en general, 
mais il n’empeche que le probleme des modifications thermiques a un caractere unitaire sur 
lequel je reviendrai en conclusion du present rapport. 

En ce qui concerne, tout d’abord, les problemes relatifs aux rejets de chaleur dans I’at- 
mosphere, il apparait que les principaux facteurs de modifications du bilan thermique 
susceptibles d’etre affectes, dans un futur proche, par les rejets soient les suivants: 

1. I’ozone stratospherique agissant sur reflet d’ecran exerce par ce gaz sur la penetration 
des radiations solaires; 

2. le gaz carbonique tropospherique, dont une augmentation de concentration a pour 
eflet d’intensifier Teflet de serre; 

3. les decharges d’energie au sol, qu’elles soient issues des grandes agglomerations 
urbaines, des concentrations industrielles, de la presence de centrales de tres grande 
puissance, etc. 

Ce dernier facteur ne risque d’entrainer des effets de quelque importance, a I’echelle 
globale, qu’apres I’an 2000. Neanmoins, il constitue deja un facteur local important dont 
on ne pent dire, d’ailleurs, que I’effet total soit nefaste. 

Les consequences des effets decoulant de Taction des deux premiers facteurs ne sont pas 
connues avec precision et les estimations varient dans des proportions considerables pour 
les raisons suivantes. 

— La complexite des phenomenes atmospheriques est tres grande, et, de plus, il est 
impossible de separer les divers phenomenes; il faut prendre en compte un grand 
nombre de parametres, variables dans Tespace et le temps, pour constituer un 
systcme coherent de nature a permettre une description acceptable de Tatmosphere. 
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— Pour cette raison, les modeles ne sont pas satisfaisants : on 6tudie qualitativement et 
parfois quantitativement, les mecanismes elementaires, mais on ne sait pas calculer 
des effets qualitatifs globaux, c’est-a-dire que Ton ne sait pas, ou que Ton sait mal, 
quel est le sens (elevation ou abaissement de la temperature) correspondant ^ une 
excitation donnee a travers tous les mdcanismes de feedback (positif ou negatif) 
qu’elle engendre. 

II reste extremement difficile de definir un etat normal de I’atmosphere, et, partant, de 
definir si et quand un changement de circulation atmospherique peut etre attribue sans 
conteste a I’activite humaine. 

En conclusion, il apparait que la situation pr6sente,en ce qui concerne les rejets de chaleur 
dans I’atmosphere, puisse etre rdsumee comme suit. 

1 — ^Pour la circulation generale de I’atmosphere, bien qu’un changement minime de la 
temperature moyenne a I’echelle globale soit lourd de consequence, on peut dire que, au 
moment ou le probleme se posera a nous, apres Pan 2000, les raoyens scientifiques auront 
progresse suffisamment pour que des reponses fiables puissent etre donnees aux questions 
qui se posent actuellement. Ceci postule, evidemment que, d’ici la, les nouvelles activites 
humaines, sources de pollution thermique soient serieusement controlees, par exemple le 
rejet des oxydes d’azote dans la stratosphere. 

Une juste appreciation de I’impact futur des rejets thermiques sur les phenomenes 
atmospheriques generaux implique done: d’une part, une amelioration des observations, 
debouchant sur une connaissance plus approfondie des phenomenes naturels (quelles sont, 
par exemple, les causes de la secheresse actuelle du Sahel); — d’autre part, un effort intensif 
de modeiisation. 

2 — Les effets locaux sont importants et seront de plus en plus marques; ils representent 
actuellement les problemes essentiels. Ces problemes se posent a deux echelles differentes. 

Les uns concernent des aires relativement limitees, comme par exemple, les phenomenes 
de verglas, ou d’aerosols salins (nuisibles a la vegetation) sous le vent des tours de refrige- 
ration de centrales ou d’autres industries. De tels effets peuvent etre prevenus par la con- 
ception m8me des installations industrielles. 

D’autres concernent des aires plus vastes, telles celles correspondant a des agglomerations 
urbaines ou a de vastes complexes industriels. Ces derniers problemes impliquent une 
planification tres stricte des projets d’implantations nouvelles, ainsi que des mesures cor- 
rectives pour les ensembles existants. 

En ce qui concerne ces effets locaux, a I’une et I’autre echelle, il apparait que des resultats 
positifs peuvent etre obtenus par une distribution rati'onnelle des sources de chaleur. 

Les problemes de rejets thermiques en milieu aquatique dont les consequences apparaissent 
beaucoup plus immediates, ont occupe trois des quatre seances de travail tenues par le 
groupe. Un large examen de ces problemes avait deja ete fait lors de la reunion preparatoire 
de 1973 et tous les participants de la conference peuvent trouver aux pages 318 et 319 du 
volume qui leur a ete distribue, une sorte d’inventaire des consequences biologiques et 
ecologiques de ces rejets sur les environnements aquatiques, une liste de themes de recherches 
dont I’etude est recommandee, une esquisse d’une strategie pour le futur, enfin une liste de 
recommandations. 

Un essai de synthese des resultats des travaux et discussions des seances tenues les 9 et 
10 septembre permet de degager un certain nombre de points nouveaux, ou qui ont fait 
I’objet de developpements nouveaux. J’en retiendrai cinq. 
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1. DIVERSITY DES MODIFICATIONS THERMIQUES 

La reuttion preparatoire avail envisage essentiellement les problemes qu’on pent con- 
siderer comme correspondant a une pollution thermique sensu stricto, c’est-a-dire les 
effets des effluents d’eaux echauffees par diverses activites humaines ou de transit des orga- 
nismes dans les installations. Or il apparait que des consequences graves quant aux peuple- 
ments des eaux douces peuvent resulter des methodes de mise en valeur des sols cultivables 
qui ont ete pratiquees pendant des decennies telles que la deforestation, le paturage excessif, 
I’ecobuage (pratique qui consiste a bruler les taillis pour preparer des prairies nouvelles), 
etc., ainsi que de la construction des barrages. Le Dr, Tarzwell traitera de ces problemes 
dans quelques instants, mais le groupe considere que I’echauffement et souvent le tarisse- 
ment, saisonnier ou definitif, de diverses collections d’eaux continentales, tel qu’il s’est 
produit dans divers pays developpes represente un aspect particulier des alterations d’origine 
thermique des milieux aquatiques et merite qu’on y porte attention, pour prevenir des 
evolutions analogues dans les regions, ou les pays, ou il en est temps encore. 


2. MfiCONNAISSANCE DE L’INFLUENCE DES VARIATIONS 
NATURELLES DE LA TEMPERATURE 

Les conclusions que Ton peut tirer des etudes, tant experiraentales qu’en milieu naturel, 
quant aux consequences des rejets thermiques sur I’ensemble des milieux aquatiques, sont 
souvent aflectees d’une certaine incertitude en raison de I’insuffisance de nos connaissances 
sur la variabilite des ecosystemes resultant des fluctuations naturelles de la temperature, 
meme a I’echelle saisonniere, mais surtout a plus long terme (variations pluriannuelles, 
pluridecennales), ainsi que des variations des ecosystemes qui sont correlatives de fluctu- 
ations de la temperature d’une amplitude anormale. 


3. nEcessitE de RECHERCHES coordonnEes 

Le groupe, tout en reconnaissant I’interet des donnees experimentales relatives aux effets 
de I’elevation de temperature sur les divers processus physiologiques d’une espece prise en 
particulier, considere que les investigations de cet ordre ne sont de nature a faire avancer 
les connaissances que dans la mesure ou elles s’inscrivent dans un ensemble plus diversifie 
de recherches. Il apparait, a ce propos, que trois points meritent d’etre soulignes. 


3.1. Choix des especes a etudier 

En principe, I’etude d’ordre autoecologique doit porter sur les especes que Ton entend 
proteger centre les agressions thermiques. L’appreciation du degre d’importance ecologique 
des especes a fait I’objet d’une discussion approfondie et, dans cet ordre d’idees, il apparait 
que quatre criteres peuvent etre retenus: 

(a) especes commercialisables; 

(b) especes quantitativement importantes; 

(c) especes jouant un role important dans le reseau trophique; 

(d) especes de valeur esthetique. 
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En fait, il arrive que des espies abondantes soient sans interet, tant au plande I’economie, 
qu’a celui du reseau trophique; ce critere parait done sujet a discussion. 

En revanche, le point (c) exige qu’on lui accorde plus d’attention, notamraent en ce qui 
conceme les alterations de la composition ou de la production de I’echelon trophique 
primaire par les effluents chauds, alterations qui peuvent modifier radicalement le flux 
d’energie a la base de I’ecosysteme. Les conditions d’utilisation sous diflerentes temperatures 
de I’echelon lairc par I’echelon 2alrc, ainsi que celles portant sur la degradation du materiel 
organique par les germes, meritent egalement qu’on s’y interesse. 

3.2. Cette dermere remarque conduit tout naturellement au deuxieme aspect, trop 
neglige jusqu’ici, qui est la connaissance des mecanismes qui regissent le fonctionnement de 
I’ecosysteme. II s’agit, certes, de recherches dites fondamentales, mais dont TappUcation 
aux problemes pratiques est a terme relativement rapproche. C’est par une meilleure 
connaissance de la structure et du fonctionnement des ecosystemes que Ton elucidera les 
rapports trophiques, les rapports de competition, les facteurs de diversite, etc., et qu’on 
parviendra a une meilleure evaluation de I’importance ecologique des especes dont on a 
discute precedemment. 

3.3 Au plan de la methodologie, enfin, le groupe recommande une etroite cooperation 
entre les experimentateurs et les ecologistes operant sur le terrain. Les prenuers devront 
porter une attention particuliere aux efiets subletaux de I’elevation de temperature sur les 
etres vi vants et le choix des especes servant aux experiences pourra s’inspirer des observations 
faites par les ecologistes de terrain. Les modeles mathematiques, encore a leurs debuts 
dans ce domaine, peuvent presenter un certain interet previsionnel, lorsqu’on dispose de 
donnees nombreuses sur les exigences et tolerances ecologiques d’especes a large repartition 
geographique. 

4. PALLIATIFS DES EFFETS DE LA POLLUTION THERMIQUE 
EN MILIEU AQUATIQUE 

4.1. L’cxistence d’une certaine adaptation a des temperatures assez elevees a ete 
rcconnue pour les populations de diverses especes, soit que celles-ci aient une large 
repartition geographique, soit que I’adaptation soit saisonniere chez les especes a cycle 
bref, soit encore qu’on ait pu demontrer I’existence d’un certain potentiel adaptatif de 
I’cspcce par voie experimentale. Ces observations ouvrent la voie a d’eventuelles operations 
dc transplantation ou dc selection, portant sur des especes economiquement ou ecologique- 
ment “interessantes”, et les premiers essais dans ce sens ont deja eu lieu. 

4.2. Compte tenu du fait que les centrales (thermiques ordinaires ou nucleaires) posent 
deja des problemes d’alteration de I’environncment tres serieux dans les eaux douces et 
prcvisiblcs a terme assez rapproch6 sur les rivages marins, le groupe de travail a porte un 
interet particulicr aux palliatifs immediats des effets de la pollution thermique. Ccux-ci 
sc repartissent en deux categories; precedes de recuperation de la chaleur gaspillee; 
— precedes visant a minimiscr ces efiets par une meilleure conception des installations les 
eflets du rejet ou du transit. 

Parmi les premiers, le groupe note que Putilisation des effluents chauds pour des oper- 
ations d’aquaculture sc heurte au fait que le volume des effluents depasse en general de 
plusicurs ordres de magnitude la capacitc de reception des installations d’aquaculture, 
sauf ;i consacrer a cclles-ci des surfaces qui ne sont tres gcneralemcnt pas prises en con- 
sideration au moment dc la conception des centrales. De plus, I’eau dchaufiee nc peut 
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etre utilisee qu’en dehors de la periode estivale, sauf en region froide bien entendu. En ce 
qui concerne les effluents de centrales alimentees en eau douce, le groupe de travail a 
enregistre avec interet les resultats deja obtenus an point de vue agricole et forestier, tant 
pour le chauffage des serres que pour I’irrigation on I’injection dans le sol des effluents. 
En revanche, en ce qui concerne les autres operations de recuperation, il apparait que 
les possibilites d’utilisation des effluents pour les usages domestiques ou industriels se heur- 
tent a des problemes de transport de I’eau chaude ou d’elevation de sa temperature par 
un systeme de pompe de chaleur. De meme, la possibilite de combiner les installations de 
gazeification et les centrales a gaz reste encore incertaine. Etant donne le caractere limite 
des recuperations d’energie gaspillee qui peuvent etre assurees par les divers palliatifs qui 
viennent d’etre enumeres, le groupe de travail estime qu’il est souhaitable de chercher a en 
associer plusieurs autour d’une meme centrale. 

En ce qui concerne les palliatifs de la seconde categorie le groupe a enregistre avec satis- 
faction les etudes faites sur des dispositifs dilfuseurs, mais exprime le voeu que les etudes 
de diffusion en general soient intensifiees, ainsi que celles relatives aux dispositifs propres 
a diminuer I’aspiration des organismes au niveau des pompes. Des recherches de laboratoire 
devront etre developpees egalement sur les effets de la vitesse de circulation et de la duree 
d’exposition des organismes a des temperatures plus ou moins elevees au cours du passage 
dans les condenseurs. Le groupe insiste, enfin, sur le fait qu’une centrale en fonctionnement, 
a partir du moment ou s’est etabli un certain equilibre d’un ecosysteme plus ou moins 
modifie par le rejet thermique par rapport a I’equilibre originel, represente un element de 
cet environnement dont on doit 6viter qu’il ne presente des fluctuations excessives: I’arret 
brutal d’une centrale peut avoir, sur I’ecosysteme ainsi modifie et adapte, des consequences 
catastrophiques, et il convient que, dans toute la mesure du possible, les centrales comportent 
un nombre de groupes tel qu’un arret simultane de tons soit pratiquement exclu. 

5. STRATfiGIE POUR LE FUTUR 

Le groupe de travail considere que la strategie pour le futur des centrales refroidies par 
eau devrait s’inspirer des principes suivants. 

5.1. Le choix des sites est primordial et ce choix devra imperativement tenir compte 
des considerations de protection de I’environnement. On devra toujours, entre plusieurs 
sites proposes, choisir celui qui realise le meilleur compromis entre les aspects techniques, 
economiques et ecologiques. 

5.2. La construction de centrales de tres grande puissance (plusieurs GW) pose des 
problemes particuliers dus a ce qu’il parait difficile, sinon impossible, d’extrapoler a une 
centrale de 5 GW, les enseignements tires de I’etude des effets d’une centrale de 1000 MW. 
Il apparait indispensable de prevoirs des maintenant la possibilite de placer a une certaine 
distance du rivage (offshore) les centrales “mammouth”. (plusieurs dizaires de GW). 

5.3. Eu egard a I’importance ecologique des estuaires qui sont des zones privilegiees 
de transit de migrateurs, de fraie, de rassemblement de jeunes, mais aussi de veritables 
pieges pour certains polluants apportes par le reseau hydrographique, I’installation de 
centrales en milieu estuarien parait devoir etre proscrite, de meme qu’au voisinage de lacs 
peu profonds. 

5.4. La temperature ayant pour effet d’accroitre I’intensite du metabolisme, I’elevation 
de temperature des eaux conduira, dans beaucoup de cas, a une influence accrue des pol- 
luants presents dans ces eaux: materiel organique, metaux et metalloides, detergents. 
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biocides, etc. II importe done que les centrales importantes, notarament celles refroidies a 
I’eau de mer, soient placees dans des sites eloign6s des diverses sources de pollution, ce qui 
est d’ailleurs un argument supplementaire en faveur de leur implantation offshore. Le 
probleme du chlore utilise pour la prevention des salissures dans les circuits d’eau de mer 
exige des recherches approfondies et I’absence totale de chlore residuel au rejet est un 
imp6ratif absolu. Par ailleurs, le maintien d’une certaine variation saisonniere de la tempe- 
rature du milieu recepteur, possible a realiser par dilution, parait tout a fait n^cessaire. 

Ce dernier point a conduit le groupe de travail a insister sur le fait que I’eau ne devrait 
plus etre utilisee comme un vecteur de polluants, que ceux-ci soient physiques, chimiques, 
ou representes par du materiel en suspension. Dans le plan d’actions pour I’Humanite que 
va proposer I’lnstitut de la Vie, il est souhaitable que I’eau soit consideree, dans I’avenir, 
comme devant jouir de la meme protection que les pares nationaux. Certes, ceci ne pent 
etre, pour I’instant qu’un voeu pieux, mais il importe de reflechir des maintenant a Jeter 
les bases d’une nouvelle politique des rejets de toutes sortes, ce qui n’exclut nullement, bien 
au contraire, les problemes de recyclage. 

Dans une derniere partie, enfin, du rapport general il parait necessaire de reinserer les 
travaux du groupe dans le large contexte de la presente conference, dont je rappelle que 
le theme est “Vers un plan d’actions pour I’humanite — Besoins et ressources — Methodes 
de prevision.” 

En fait, il semble que, dans ce titre, le terme clef soit: “Besoins et ressources”. Les 
ressources minerales et les ressources energetiques sont du domaine de deux autres groupes 
de travail de cette conference. Les ressources alimentaires, elles, sont le theme majeur des 
reflexions de nombreux organismes internationaux et les problemes que posent leur con- 
servation et leur expansion ont ete evoques a maintes reprises au cours des travaux de 
notre groupe. Ainsi apparaissent deux des besoins majeurs de I’humanite: le besoin en 
energie et le besoin en ressources minerales — dont certaines sources d’energie font partie 
d’ailleurs. Restent deux autres besoins a satisfaire, a savoir I’habitat, encore que le terme 
ne me plaise guere parce que trop restrictif, et que je lui prefere celui, plus ecologique, de 
biotope, et aussi I’emploi. 

Je laisserai de cote ce dernier besoin car je crains que revocation des problemes qu’il 
pose ne nous entrame trop loin du theme de la conference. Neanmoins, je voudrais rappeler 
qu’on evalue pour I’ensemble du monde le nombre d’emplois nouveaux a creer chaque 
annee a 280 millions. Notre siecle est celui des grands projets nationaux ou multinationaux. 
Ceux-ci sont generalement coufus en termes de developpement et I’on s’efforce heureuse- 
ment, de plus en plus, d’y introduire des clauses de respect de I’environnement, sur lesquelles 
je reviendrai tout a I’heure. Sans doute faudrait-il y inclure egalement des clauses relatives 
au nombre et a la diversite des emplois correlatifs de ces projets. 

Neanmoins de ces quatre besoins fondamentaux qui nous paraissent etre ceux de 
I’Humanite, ceux relatifs aux divers biotopes de I’homme, e’est-a-dire a I’environnement qui 
est en quelque sorte la somme, ont plus particulierement retenu I’attention de notre groupe. 
Certes nos travaux etaient orientes vers les effets des modifications thermiques, mais il 
s’agit la, somme toute, d’un facteur de pollution parmi d’autres. Non seulement les effets 
des activites humaines sur I’environnement sont multiples, mais encore ils sont interferents. 
Un plan d’actions pour pallier les effets des modifications thermiques ne pent etre qu’un 
volet d’un plan general d’actions pour I’environnement et si je dis pour I’environnement, 
e’est parce qu’il s’agit bien, avant de proteger cet environnement, de le definir et de le 
comprendre. 
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II a ete dit par un des membres de notre groupe de travail qu’il importe avant tout, en 
ce qui concerne renvironnement de choisir les actions que Ton a le temps et les moyens 
d’entreprendre. L’expression de “conservation de la nature” doit s’entendre pour les pares 
nationaux et celle, moins contraignante, de “protection de la nature” doit Stre con^ue dans 
le sens du maintien, non pas d’un etat qui etait celui de I’environnement il y a deux siecles 
ou deux millenaires, mais dans le sens du maintien, ou de la recherche, d’un etat d’equilibre 
de renvironnement qui soit compatible: — d’une part avec un certain agrement du cadre 
de vie de I’homme; — d’autre part avec certaines formes d’exploitation des ressources natur- 
elles, et principalement de cedes qui sont renouvelables. 

Ainsi notre groupe de travail suggere-t-il d’inserer dans le plan d’actions pour I’Humanite 
que doit elaborer notre conference, un certain nombre d’actions d’ordre tres general et 
qui appellent, sans aucun doute, des avis et eventuellement des amendements de la part 
d’autres groupes. 

1. Planification stricte du taux d’occupation des sols et de I’attribution de ceux-ci aux 
diverses activites de I’homme. On cherchera a definir un seuil maximal d’occupation des 
sols, fonde sur des parametres de renvironnement (I’importance de la nappe phreatique 
pourrait etre I’un de ceux-ci). L’institution d’une taxe progressive d’occupation des sols 
jusqu’a ce que soit atteint le seuil maximal pourrait etre un element efficace de la rationali- 
sation de I’occupation de ces sols. 

2. Incitation a economiser I’energie: d’une part, par des mesures visant a la recuperation 
de 50% de I’energie gaspillee (dont des exemples ont ete donnes precedemment); d’autre 
part, peut-etre, egalement par une taxation progressive, jusqu’a une limite maximale, des 
demandes nouvelles en energie, 

3. Reahsation d’etudes regionales pluridisciplinaires, de nature a donner une idee 
aussi complete que possible de I’etat actuel de I’environnement. Ces etudes devront tenir 
compte de la documentadon la plus large possible (cf. point 4) et serviront de base a la 
conception des projets d’amenagement (cf. point 5). 

4. Amelioration de la documentation. En matiere d’environnement le pourcentage des 
etudes qui font I’objet d’une publication est excessivement faible, en regard du nombre de 
celles qui restent a I’etat de rapports plus ou moins confidentiels ou a diffusion limitee, ce 
qui conduit a de regrettables duplications des recherches, generatrices de gaspillage de 
temps et d’argent. II conviendrait d’instituer un depot obligatoire des travaux relatifs a 
renvironnement, par exemple au niveau regional ou provincial. 

5. Coordination des operations d’amenagement industriel ou assimilees. II est in- 
dispensable que les grandes operations d’amenagement fassent I’objet d’une coordination 
a long terme (20 ans par exemple) en liaison avec le plan d’occupation des sols (cf. point 1) 
de maniere a ce que soient evaluees dans les meilleures conditions les interferences des 
divers elements de I’operation sur renvironnement et ceci aussi bien pour les milieux 
aquatiques que pour I’atmosphere. Cette planification pent parfaitement etre independante 
de la programmation graduelle du financement des divers elements constitutifs de I’operation 
d’ensemble. 

6. Le point 5 implique I’existence d’organismes consultatifs comportant des administra- 
teurs, des ingenieurs et des scientifiques de diverses disciplines et notamment des ecologistes 
et aussi des meteorologistes (a peu pres toujours oublies), de maniere a pouvoir dresser a 
I’intention du “decideur” un bilan complet des aspects techniques, ecologiques, socio- 
economiques de I’operation projetee et des divers projets elabores pour la mener a bien. 
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Les administrateurs et les ingenieurs doivent admettre que les dcologistes sont pour eux des 
auxiliaires et des conseillers et non des adversaires a priori, mais que la protection de I’en- 
vironnement telle qu’elle est proposee dans le present rapport pent conduire a adopter unc 
solution technique qui n’est pas forcement la moins onereuse. Quel que soit le degre de 
developpement d’un pays, il importe que les technologies qu’il adopte en matiere de trans- 
formation d’6nergie soient neutres vis-k-vis de I’environnement. 

Sans pour autant s’associer a ceux qui pronent la croissance z6ro, le groupe de travail 
tient n^anmoins a 6mettre les plus expresses rdserves sur les projections sur I’avenir, telles 
qu’elles sont frequemment avancees k I’heure actuelle. La protection de I’environnement, 
non seulement contre les modifications thermiques, mais contre toutes les agressions et 
nuisances decoulant des activit6s humaines, contraint d6s aujourd’hui a s’interroger non 
seulement sur les dimensions qu’il convient de donner aux agglomerations urbaines ou aux 
complexes industriels, mais sur les principes generaux de I’amenagement de notre planete, 
sur revolution de sa demographic et de ses ressources, en bref sur les divers aspects de sa 
croissance au sens le plus general de ce terme dont il ne faut pas oublier, ndanmoins, qu’il 
a un fondement essentiellement biologique; I’expansion numerique de I’espece humaine. 

L’accroissement de la quantite d’(5nergie disponible permet ou meme stimule I’accroisse- 
ment de la population et ce dernier ne pent se faire qu’au detriment d’autres especes. La 
loi biologique suivant laquelle la diminution de la diversit6 specifique entraine une dimi- 
nution de la stabilite du systeme n’est pas valable seulement au plan ecologique, mais aussi 
au plan social et au plan 6conomique. 

Le but que s’est fixe et que nous a fixe I’lnstitut de la Vie est justement d’61aborer un plan 
d’actions pour I’Humanitd afin de permettre la survie de notre espece dans un monde 
meilleur et plus juste. Les changements de I’environnement 6tant inevitables, I’homme doit 
s’efforcer de les orienter k son profit et c’est vers ce but que doit tendre le plan d’actions de 
rinstitut de la Vie. 



DISCUSSION 


TARZWELL: Thank you. Professor Peres for so efficiently accomplishing this very difficult task of 
summarizing on such short notice the two days of discussions and reports of our committee. I should now 
like to proceed by asking each member of the panel if he has certain comments, additions, or suggestions. 
After that we will open the meeting to questions and suggestions from the floor. First I would like to call 
on Professor Golterman. 

GOLTERMAN: Several of the points that come to mind have been mentioned by the rapporteur. I 
think we should be very grateful for the veiy good effort he has made in summarizing; but, nevertheless, 
there are several points, on the freshwater ecosystems especially, which should be emphasized. I think we 
should realize that when we are talking about freshwater we are talking about the situation in Europe 
more than what has been discussed about the situation in the United States. It has been said that the thermal 
pollution is part of the general pollution. We must realize that the changes in the ecosystem which we can 
notice at the moment, are going that fast that we as biologists can hardly keep in time in describing the 
changes that are taking place. They are not the changes that are going to take place in 100 or 200 years but 
the changes that will take place in 5 or even 10 years. It is quite clear that technology can solve all the 
problems of prevention of the pollution. I think it is just the same that technology can solve the problems 
we have been discussing this morning of the food shortage for the developing countries, and I am especially 
referring to Africa. If we use a very small quantity of the money that we have been using to send somebody 
to the moon for the irrigation of the Sahara there would be no problem for the food supply for Africa. 
But we always hear as biologists that society cannot raise the money to solve these problems. I think this 
is one of the important issues of a meeting like this. Why do we always decide on the wrong issue? The 
knowledge is there. We do know as biologists that we have to protect the environment, even if we do not 
understand how an ecosystem is being controlled, even if we do not understand the rate of growth of phy- 
toplankton, the main organisms which are producing the energy for all the other compartments of the 
ecosystem. Nevertheless, we can control general pollution in Europe, and especially that due to the entro- 
phication of our waters in which we put all the essential nutrients and fertilizers which India is lacking. 
This can easily be controlled as there are no technical problems. But we do not want to pay for that. We 
always hear that the cost of the prevention of pollution is so high that our society cannot afford it. But, 
nevertheless, the cost of the prevention of pollution is not much more than the money we spend on sweets 
or on smoking. So we come to the question: Why do we take wrong decisions? During the discussions in 
our group we quite often blamed the decision makers. We may call them politicians, we may call them 
decision makers, but I think we should realize that the decision makers are not a different species from 
people like ourselves which we have chosen to do the job which we feel they are doing very badly. Coming 
back to the problem of pollution it has been said that the time element is so important that we have to 
make the decision today. I do not think this is true for the thermal pollution. It is quite clear that in the 
case of thermal pollution there are alternatives, for instance the usage of the cooling tower. I think that as 
long as we do not understand the ecosystem — you must recognize that ecology is a very young discipline, 
perhaps only 10 or 20 years old — and that we are still discussing how an ecosystem is working. I think that 
the time element therefore does not come into the discussion. I think we have to accept that especially 
the freshwater cannot be used for the disposal of heat. Finally, I would like to raise the question of : What 
is this pollution? Our chairman has said that the definition of pollution depends on the usage we are making 
of a water body. I think that is a typical point of view of an engineer. As a biologist I think pollution should 
be defined on introducing a change in the ecosystem. Here, I think, it is important that the rapporteur has 
said that we should protect our waters, which is one of the main natural resources we need so very much, 
like, for example, the national parks in the United States. Let us realize that there is no shortage of drinking 
water; but there is a shortage of drinking water because we pollute the water; because we use water as a 
cheap way of transporting our waste. When we are talking at this meeting about the limits of growth, it 
is funny that economists are talking about limits of growth when they really mean the number of refrigerators 
and motorcars we can produce. For us as biologists, growth is related to life. I think that we should realize 
that, for example, in the water we are using for drinking water in The Netherlands are 20 or 50 pollutants 
which are really toxic. I think we should realize that we are really talking about limits of growth in the 
biological sense, and that if we are not going to be much more sensible than we have up until now, we shall 
quite easily poison a large structure of Europe. 

BAHLOUL: Je passerai sur un plan un petit peu moins eleve pour ajouter une seule remarque a ce qui 
a 6t6 prdsente par le Professeur Peres. Je voudrais simplement insister sur I’apport que les mettorologistes 
peuvent avoir. Get apport serait considerablement plus important si la planification pouvait etre amelioree. 
Si, avant d’implanter une nouvelle centrale ou avant d’equiper un nouveau site industriel, I’avis des m6teoro- 
logistes pouvait etre demand^, je pense qu’on pourrait, ^ I’aide de modifications mineures et de couts tres 
has, apporter certaines ameliorations. Ceci n’est generalement pas le cas et notre apport reste souvent tres 
minime, pour cette raison. Je souhaiterais done insister, ainsi que I’a fait le Professeur Peres sur la necessite 
d’une meilleure planification d’^quipement des sites. 
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MIHURSKY : I want to build on something Professor Goltemian stated at the end of his presentation. 
He touched on the point that what we are dealing with fundamentally is a biological problem. He touched 
on the point of limits of growth and in many ways I firmly believe this and agree with what he said. These 
limits generally have a biological basis. That brings us to the point, the fact that I think the environmental 
priority is, indeed, our top priority. With that in mind, I am a little bit disturbed. I went through the list 
of attendants, the list of the people at the conference, and it comes out to about 288 individuals. I counted 
the group here this afternoon, and there are approximately 76 individuals. Our biological session had approx- 
imately 45 individuals. That leaves 51 individuals from the other segments of the meeting representing 
the other disciplines. I hope the biologists are not, indeed, just speaking to themselves again. Anyhow, 
with that in mind we should make another point. Regardless whether you represent an underdeveloped 
country, a developing country, or a highly developed, industrialized country, there are a few brutal facts 
that must be appreciated. Although we now appreciate their needs, we essentially developed environmentally 
neutral technologies. I think we agree that we cannot achieve a quality society without a quality environment. 
As a result we have witnessed socially unacceptable environmental degradation. Manmade energy con- 
version processes are not environmentally neutral technologies. The potential and real environmental 
dangers associated with manmade energy conversion processes to my mind dictate that we adopt as a 
future strategy for man, one that insists on following least-energy cost pathways to meet legitimate social 
needs. I think you will appreciate that we arc not doing this at the present time. In order to follow that 
kind of procedure, I think we must also recognize that a new political format for decision making will be 
required. There is another very important series of linkages that I think support this point of view. Increased 
amounts of energy available to us permit an increased urge for development which in turn more easily 
justifies increased numbers of people. The consequence of that is biologically oriented here in that increased 
numbers of people and their activities as we have traditionally and historically seen, because of the kinds 
of economic and ecological philosophies that we have permitted to persist, these increased numbers end 
up in decreasing the amount and numbers of other species. What this means is that we are on the planet 
Earth decreasing species diversity in a biological sense. There is an emerging biological principle that with 
decreased diversity you have decreased stability with all the concommitant problems that ensue, that overlap 
into the social area. I think, those of you who are industrialists, I can appreciate that point of increasing 
diversity in your operations because what does this do? This increases stability for your organization. 
The reverse of that is the case, and that is what we arc leading into or are into now in the biological sense 
with increased numbers of people. 

HEDGPETH: I do have a few comments to make. This conference has consumed a lot of energy, and 
energy consumption is perhaps in its golden age. We may never have as much of it in the future, yet we 
have built all these large, elaborate, energy-consuming buildings. The poster displayed on the lectern 
reminds you of that. It shows a moonlit or smoggy view of Paris, of the Eiffel Tower dwarfed by a great 
high-rise box surmounted by the moon. There is some photographic trickery here with the lens, so it is 
difficult to decide just what building it is, but it is not at the Gare Montparnasse near our hotel. It is un- 
fortunate that this should happen to Paris and here we are no different from New York. Some of us have 
been too warm here. I understand that we can either have this room too hot or too cold, but they do not 
seem to have a medium temperature adjustment. Is this supposed to be the Golden Age of Paris? Perhaps 
we had better skip that philosophical question, but what we have been talking about is a sort of Golden 
Age, an age of an improved environment, with comfort and food for all without destroying the environment. 

Just before lunch, we heard remarks from our friends from Indonesia and Africa that perhaps we ought 
to slow down our rate of progress toward the Golden Age so that they could catch up with us or at least 
have a litde of the goods of the world before we use them all up. That reminds me that something was said 
about our adaptability by Dr. Dubos. But, man’s most unadaptable trait is avarice. Of all kinds. For shelter, 
for food, and for his own material benefit. I do not know how he is going to get rid of that. I guess that 
my Calvinistic background makes me a bit pessimistic on that point. So the question is: What are we willing 
to give up so that we can all share what remains? I asked the students: “We can’t go on this way, we don’t 
need air conditioning in Oregon, for man has lived thousands of years without air conditioning, in certain 
parts of the world, at least. What are you going to give up? I’ll throw my TV set out of the window”. 
They sat there and said nothing. That is the lack of adaptability of greed and avarice, I guess. These are 
very nasty words, I am afraid. I have a suggestion for the priority of our resolutions; I think it has already 
been alluded to a number of times. I put it this way: priority 1 A is to preserve the process of photosynthesis. 
The Institut de la Vie, I presume, is concerned with the quality of life, and this quality, as has already been 
said several times, depends on the quality of the life that we share the earth with. Otherwise, we Mil reduce 
it to a shambles, to a situation in which only blue-green algae can live and some of them, as you know, 
can live in hot springs of SO^C. And those who say “we have not time to wait” or “we must rationally 
balance the costs and benefits and go ahead” stand, in my view, in profound contempt of nature. It is an 
anthropocentric lack of concern for the environment which is contrary to the spirit of this conference. I 
think there is one thing we did overlook in our discussions of thermal problems — 1 was reminded of this 
by several remarks, however. We know that in most life processes in the seas and coastal waters (and this 
is our concern primarily) reproduction goes on in great excess. Hundreds of thousands of millions and 
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billions of eggs and larvae arc produced by almost everything except the higher vertebrates. Even the more 
slowly growing commercial fish produce hundreds of thousands of eggs per individual. I have heard it 
said by people concerned with power plants and factories: “Look, you’re losing 99% of the process of 
reproduction anyhow. What’s the difference if we’re going to knock off a few more tenths of a percent or 
so?” The point is that if you succeed in hitting that at the wrong time of year you may knock off 100% 
The significance of this phenomenon of c.xccss reproduction is that, in the sea (including the coastal zones 
and the estuaries) is a perilous and uncertain place for life to go on, and that the apparent excess of re- 
production is adaptation to this perilous environment. The possibility exists that we can give the survivors 
one more little nudge and thereby put the last straw on the 1 % of surviving larvae. We should not forget 
this possibility. 

I should also like to comment on some remarks on the suggestion made that we encourage further develop- 
ment of coastal zones and estuaries. These are the most productive and, I suppose, in some places, the 
most pleasant places to live, although I do not find it very appealing to live in a mangrove swamp, but 
people do live in mangro\'e swamps and the world would be less interesting if we turned them all into 
industrial waterfronts. 

1 think we should consider that the priorities for the use of estuaries and coastal waters arc what the 
greatest value of them for man’s continued endurance on this planet may be. We can approach this from 
the historical viewpoint by remembering that man first came to the shore to gather food. So the first priority 
is the maintenance of these regions as food-producing areas, which could also include proper husbandry 
of such environments as salt marshes and mangrove swamps to the end of continuing them as environments 
for the natural processes that make them productive of food. And this is, of course, the natural use, the 
maintenance of the environment in an ecological sense. 

The second thing we did as a species was to establish dwellings on the shore, to be near the source of 
food, and quite possibly to stabilize limited areas for the further production of food. The culture, or at 
least the attempt to control growth of shellfish— especially oysters, came not so long ago in terms of entire 
human history but nevertheless early in terms of sophisticated civilization. In our time, of course, there is 
a great premium on coastal property for people who can afford it as a place to live, and the pressure is so 
great that on some coasts we have massive hotels, apartment houses, and condominiums; all this reflects 
an early and long-standing use of the coastal region as a pleasant place to live. 

The third use we made of the coast in terms of history was for commerce and navigation. Having estab- 
lished residence and production of food, there followed the need to communicate and trade. 

The last use, and the use which should stand last in our sense of prioritj', is the use of coasts and estuaries 
as sewers and waste disposal sites. I do not consider this a justifiable priority, although I am aware that 
sanitary engineers [who arc meeting concurrently in this same building, although there has been almost 
no communication, certainly not at an official level, with them] consider the use of coastal and estuarine 
waters for waste disposal a “positive benefit’* to be reckoned along w'ith the fisheries and dwelling sites as 
an economically justifiable use. 

We affect our coastal regions in many ways, some of them not directly related to activities on the coast 
in coastal waters. The Aswan Dam has become a classic example. We arc destroying, or have already 
destroyed, a valuable fish resource in the Delta of the Nile because the Aswan Dam has held back the silt 
needed to maintain the Delta and it is being eroded at a rapid pace and the sand is moving by littoral drift 
toward Israel. Perhaps the Israeli will win in the long run because of this movement of sediment away 
from the Nile Delta. There is another aspect, although not related to the coastal problem that we should 
remember, and that is that the impoundment of water behind the dam has greatly improved the environ- 
ment for schistosomiasis. I understand that some Egyptians think that this is a fair exchange, 5000 or 6000 
cases of schistosomiasis a year for the material progress brought by the Aswan Dam to their country. 
Everyone here knows that I do not believe in progress, so I need say nothing further at this time. 

BARNETT : I should, of course, like to agree with much of what my colleagues have just said. They 
have covered many of the points I should have liked to have mentioned. But, in particular, I should like 
to agree with Dr. Goltcrman about the biologists’ difficulty in keeping up with technological developments. 
This appears to be a very difficult problem for us. There is one aspect in Professor Pere’s report which I 
think might be emphasized more, and this concerns the different effects of power stations in the seas of 
different parts of the world. Latitude is a most important consideration because in subtropical and tropical 
regions, where normal sea-water temperatures arc high, marine organisms generally live at temperatures 
which, particularly during the summer months, are closer to the animals’ lethal death points than in cooler 
waters. This is when the elevated temperatures from power stations and other sources can cause significant 
kills of marine organisms simply because there is not the scope for raising the temperatures. On the other 
hand, in higher, colder lattitudcs, marine animals have a greater flexibility for tolerating small temperature 
increases. This latitudinal difference raises possible future problems for any of the developing countries 
which engage in programs of power-station construction. This does not mean to say that the temperate 
seas of the world can accept unlimited quantities of waste heat. As Professor Peres has remarked, we must 
be most careful about the siting of power stations. Although direct lethal effects are less likely to occur in 
temperate waters it is possible to get longer term effects which can affect different animals in different ways. 
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This cmpliasizcs tlic need for planners and encineers to involve biolocisis riglit at the beginning of the 
planning stages of power stations. Certainly this now takes place, I believe, in Australia and the United 
Kingdom, and 1 should like to think that if other nations were to do this, many of the localized problems 
of heat pollution would not occur. 

TARZWELL: 1 Ijclicvc that before we open the discu.ssion to the floor I should like to clear up some 
misunderstandings in regard to my definition of pollution: in it, use is stressed. We can classify our uses 
of water collectively under nine headings: domestic water uses (that is the domestic and municipal water 
supplies); agricultural uses (which include irrigation and stock watering); industrial uses (for cooling water 
and other purposes); and the use of all our waters by fish and other aquatic life that live in them. Included 
in this latter use is aquaculture. Other uses of our waters arc recreation and aesthetic enjoyment. You cannot 
always set a monetary worth on aesthetic values but they arc still very important. The remaining uses arc 
for power, for water power, and for cooling water for the thermal electric plants, for navigation and for 
waste disposal. In a few instances the addition of organic wastes to a fishing water increases the fish pro- 
duction. If you have a very infertile water which is not being used as a source of drinking water and you 
add a small amount of .sewage which fertilizes it so that more fish food organisms arc produced which in 
turn results in an incrca.scd yield of fish, since your desired use was fishing, this addition of sewage docs not 
constitute pollution. However, if your use of that water is for drinking, such an addition of sewage would 
be pollution. When the desired use of a water is for drinking, anything that interferes with that use is classified 
as pollution according to my definition. 

We felt that we would like to organize this session so that there would be a maximum time for questions 
and comments from the floor. We arc now ready to begin. Before you ask a question or make a comment 
would you please organize your material so you can present it logically and come directly to your point 
and make your statement ns concise ns possible. I will field your comments and questions and ask various 
members of the committee to reply, if a reply is necessary or if some of them feel that they would like to 
reply to it. 

GIBRAT; J’ai assistd, il y a unc quinzainc de jours, a un symposium ti Oslo, qui avait cxactcmcnt comme 
sujet celui que vous venez de traiter, et une dcs conclusions m*n paru intdressante it vous communiquer. 

Nous dtions it peu pris moitid ingdnicurs (e’est mon cas), moitid biologistcs: la representation dcs Etats- 
Unis dtait cxtrcmcmcnt importante et nous avons constatd quo Ics dtudes faites depuis six ou sept ans 
avaient conduit it la connaissance d’innombrabics donndes ou dtudes qu’il dtait malhcurcuscmcnt h peu 
prds impossible de coordonner. II apparaissait entre Ics rdsultats dcs contradictions considdrablcs, et une 
des conclusions de la table ronde finale sur les rapports do renvironnement et dcs rejets thermiques a dtd 
que Ton devrait peut-etre diminucr lo nombro d’dtudcs locales faites de cette fn?on, et revenir h la biologie 
fondamontalo; cn particulior la confusion qui cst apparue aprds cinq jours de sdance et soixantc ou 70 
heures de rdunion, dtait due it co quo nous ne savions presquo ricn sur les rdactions dcs organismes aux 
faiblcs variations de tempdrature; probablemcnt dcs dtudes importantes dans cette direction permettraient 
d’ mettre de I’ordrc. 

Lc douxidme point dtait qu’il fallait distingucr trds nettement entre les zones de mdlangc situdes entre la 
sortie de I’cau chaude et lc ddbut d’unc ccrtainc diffusion, car lit les efrets dtaient importants, les diffdrcnccs 
de tempdrature fortes, et on dtait, au fond, dans un ensemble de connaissance asscz bicn structurd qui 
permettait done de proposer dcs rdglcmcntations. Par centre, si on ddpassait cette zone de mdlange et 
qu’on arrivait it des variations de tempdrature de I’ordrc de un ou deux degrds par c.xcmplc, il fallait sc 
ddfendre de touto rdglcmcntation gdndralc et apprdcicr chaque probldmc, cas par cas. 

TARZWELL: I think there has been some misunderstanding by some people with regard to the effects 
of temperature and also other pollutants such as toxicants. I would like to field part of this and then I will 
ask Dr. Mihursky to make a further statement if he so desires. We do not have to directly kill an organism 
in order to severely restrict it or eliminate it. I think this is not understood very well by nonbiologists. When 
we make a small change in temperature that puts a stress on a desired species and make environmental 
conditions more favorable for another species or several other species, they increase in numbers to such 
an extent that the desired species cannot compete so readily: that species goes down and the other species 
increase and we have a shift in the qualitative and quantitative makeup of the population. That is what 
might be spoken of as biological unbalance. I have seen this occur in trout streams; I have seen it occur in 
warm waters. I have seen the undesirable species replace the more desirable game and commercial species. 
It does not take very much of an increase in temperature to cause this change. Contrary to common belief 
and what I heard in one of the meetings here, it was felt that temperatures could be raised in the wintertime. 
The wintertime, for some areas, is one of the most critical: 1°C increase in temperature in a trout stream 
can change the time of emergence of the insects which arc a basic food for the organisms. With a few degrees 
rise in temperature, insects that would normally emerge in late spring came out in January in some of the 
experiments carried out at the Environmental Protection Agency Water Quality Laboratory at Duluth. 
Not only do we have them emerging when it is not favorable, or when their food is not there, we also have 
change in the emergences times of the males and the females, such that with only a few degrees increase 
in temperature in the winter the males could emerge so early there would be no reproduction, with a drastic 
reduction in the species. In addition, many organisms require a cooling period in winter for the maturation 
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of (heir sex products. If (he \va(cr (cmpcra(urc does no( drop below a certain level, the sex products just 
do not develop. Others require vcr>' cold water for spawning, and others require — like the Atlantic salmon — 
very cold waters for the development of the eggs and fry. As to the lack of exact data on fine differentiations, 
I wilt agree with you because we have not carried on the right kind of research to get this. It has been very 
difficult to cariy out the research needed to give the required answers. I find that some of the people who 
arc most critical or who arc finding the most fault with the biologists for not having the required data are 
the ones who in the past have controlled the purse-strings and did not fund recommended research. I know 
from personal experience that research projects detailing the kind of investigations (hat were needed in 
order to determine the water quality requirements for marine organisms and to supply the data which we 
now so sorely need were not approved. 1 have struggled for 25 years for the determination of water quality 
criteria to serve as the basis of water quality standards and the money that has been given to these projects 
in the past has been a drop in the bucket in comparison to the importance of the subject. I feel rather strongly 
on (his because this has been a life-time objective and its handling has been a thing that has frustrated me 
for one-quarter of a centurj'. 1 believe 1 should not say more. 

MIHURSKV: I do not think Dr. Tarzwcll has left much to be said. I made some quick notes here when 
M. Gibrat made his points, and I think all I can do is to agree with him on (he need for organized studies 
then look at things from a regional point of view. In the United States what I have seen for the most part 
arc small studies going on, sometimes lacing carried out by one individual looking at one aspect of the 
problem. I think what you must do is develop quantitative information that looks at the whole system 
(hat is being perturbed. I might hark back that Dr. Tarzwcll, a number of years ago, when he was with a 
federal agency’, had recommended dividing the United States up into a number of regions and within those 
regions identifying the most important organisms— and (his is a broad definition of important organisms — 
then understaking the proper studies to determine (he environmental requirements of these key organisms. 
In order to caro’ out that kind of plan, it is really a national plan and it requires national leadership. I 
dare say we did not receive (he national leadership in the United States to carry out the plan suggested by 
Dr. Tarzwcll. I think if we had carried out that plan we would have been in a better slate at the present 
time to make decisions. Concerning the other point about mixing zones, that Dr. Gibrat mentioned, we 
have done a reasonable job in identifying the biological consequences in these areas of high impact, I agree. 
I also agree that our ability to predict what is happening in areas of low-grade heat, those abilities arc very 
poor. Dr. Tarzwcll did mention that; yes, we do know that changes can occur, especially if you arc near 
the upper level of tolerance for a particular organism of a particular community. You can make those 
general statements, but if you arc dealing with a particular csturian system or a river system, or an eco- 
system and you have a specific site where you will perhaps want to locate a power plant and you have a 
number of alternative discharge designs that you can follow, a number of delta T options available to 
you, the size and extent of (he plume, whether you want a small area of high-grade heat or a large area of 
low-grade heat— a number of options arc available. When the biologist or ecologist is asked to quantitatively 
describe for (hat particular system what a large amount of low-grade heat means to that system, I dare say 
he cannot give an answer. Unfortunately, all I can say is that, yes, we need to do more work. 

DOUDOROFF: I should like to make a few additional remarks concerning the objectives of water 
pollution control and concerning associated research needs. First of all, I would like to note (hat I am not 
personally in agreement with the view that our long range objective should be total protection of water 
resources from any change from .i natural condition. Such total protection of water may often mean only 
increased pollution of air or land or incrcxiscd use of energy and other resources. I am not only talking of 
thermal pollution here, I am talking of pollution in general. I think it should be recognized that to remove 
that last 1 % of waste in some effiuents requires a tremendous amount of energy as compared to, say, the 
removal of the first 95%. This increased pollution of air or land or use of energy resources could actually 
be more undesirable than the regulated alteration of water. The acceptable degree of alteration of water 
should be defined by biologists. And emphasis on basic biology', as suggested by the gentleman from France, 
I think is certainly highly desirable. I think there has not been enough emphasis on that. Dr. Tarzwell has 
given us his definition of pollution, which I think most biologists will accept, maybe with some reservations. 
The emphasis there has been on resources of value to man as food or for recreation, or in an aesthetic 
sense. But (here arc two schools of thought to be recognized among biologists, and these schools were both 
represented to some extent in our discussion group, although I must say we did nOt have anyone who held 
extreme views which arc frequently expressed by environmentalists in the United States. One view repre- 
sented in our discussion group is that aquatic communities arc so complex and our understanding of inter- 
relationships between organisms so incomplete that we cannot risk any considerable alteration of aquatic 
communities. A different view, and that happens to be my view, is that while our understanding of community 
relationship is admittedly defieient, we must begin to use sueh knowledge as we have acquired in some 25 
years of fairly intensive research. That research, T admit, was not all that it should have been, as Dr. Tarzwell 
pointed out, but still there has been quite a bit of money spent in this area of water quality requirements 
of aquatic life, especially in the United States. Support of this research has not been lavish, as I said, but 
one may reasonably ask why it should be continued or increased, for another 50 years let us say, if it has 
not made it possible for us to arrive at any solid conclusions that can be of real value to (he decision makers. 
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According to my view we must be prepared to accept a certain degree of risk— the risk that our predictions 
of biological cfTccts may turn out to have been wrong. This is tlie only way to test our theoretical under- 
standing and our predictions. The damage that can result from the error of our predictions will not usually 
be irreversible, especially where localized thermal pollution is concerned. VVe are not likely to wipe species 
off the face of the earth. In other words, when we find out that there is serious damage going on, something 
can be done about it later. But in finding out that there is damage we thought should not occur, we should 
learn something and we should have to look for the reasons why our predictions were wrong. Much addi- 
tional research is needed, not only in the water quality requirements of the individual species but also in 
the area of bioenergetics and trophic or nutritional dynamics of aquatic communities or ecosystems so we 
can better understand what organisms are really important to man in some indirect way as, for example, 
in the food chain, and which ones arc not being perhaps just blind alleys in the flow of energy in aquatic 
systems. Not enough attention has been given to this area in the past, to trophic dynamics of aquatic systems. 
But let us not insist that we must achieve 100% understanding of the interrelationship before we venture 
into any predictive conclusions and take a few risks. Only by making some mistakes can we really find 
out in just what ways and on what questions our knowledge and our theory arc deficient or incorrect. 

GOLTERMAN: I think I heartily agree with you. Dr. Doudoroff, about the last percent of the sewage 
which cannot be treated. But when we say that we want the protection of the waters like the national parks, 
you should not forget that we accept recreation in national parks. But what we arc talking about in Europe 
is not that last percent but, let us say, the first 95%. I think that you should be well aware that when you 
make a statement that we can accept 1 %, the general public will say that if all biologists arc willing to allow 
us 1 % we can then easily dispose of 10 or 20%. I think our problem, at least in Europe, is to get rid of the 
95 % of the sewage. 

BRODFED: I should like to make a comment, building on what Mr. Doudoroff said relative to what is 
an acceptable risk, and also relating to that part of the general report where it was mentioned that ecologists 
should try to educate engineers and administrators. It seems to me that in the way it was phrased in the 
report, biologists have been somehow pitted against engineers and administrators. It seems to me in effect 
that biologists should work very closely with engineers. I am an engineer myself and I have seen engineers 
learning considerably from biologists in recent years. I have seen engineers understanding that wiping out 
a species is not the only problem one should be concerned about; that lethal effects arc not the only im- 
portant thing; understanding the importance of entrapment and entrainment; and understanding that there 
are some sites that really cannot be used for power plants. But I should like to see a greater emphasis on the 
learning process in the biologists’ community, particularly in terms of what the engineering profession 
can achieve. I have seen in the last few years many engineering concepts that can mitigate thermal effects, 
improved intake arrangements, and, in general, improved environmental control systems. I strongly feel 
that if biologists worked more closely in the initial phases of projects with engineers, they would be able 
to impart a better direction to those projects. I am not saying that each site can be used, of course. I am 
saying that for those sites that can be used, biologists should cooperate with engineers in determining how 
to use them wisely. Therefore, it is important for biologists not to take a position which is somehow separated 
from engineers, since these two professions are, or should be, equally committed in protecting the en- 
vironment. 

DOUDOROFF: I should just like to explain that I was talking about long range objectives, not about the 
relatively short range objectives, so I do not think that we are really in disagreement. But in the United 
States we have actually a national policy right now by 1985 to eliminate all pollutants. This, of course, is 
not going to be achieved, but this has been declared a national policy, and I have been directing my comments 
pretty much against that sort of thing. 

YAROSH: I should like to clarify one statement that was made about waste heat. Perhaps I should 
better define what we mean by waste heat. Generally it is defined to be heat discharged at such a low tem- 
perature that its normal use is not considered to be economical. Power plants discharge very large quantities 
of waste heat and in the discussion we had on thermal modifications it was pointed out that utilization of 
this energy can be achieved. It should also be pointed out that, in general, utilization of waste heat does 
not solve thermal discharge problems. But what it might permit is the effective use of energy which we now 
discharge to the biosphere and do not use. It might permit the use of that energy in an area that is important. 
That is, it might permit the expansion, for example, of food supplies, either by improving the rate of growth 
of aquatic organisms by aquaculture and meraculture (and this is being done now, but not on nearly as 
large a scale as it could be), or by enclosed environmental techniques — the use of waste heat in greenhouses, 
for example — or by the use of waste heat in outdoor agriculture to extend the growing season. This also 
has been demonstrated and can be very important because it can expand the production of food supplies 
in some areas, particularly northern climates, where that expansion could be useful. Let me make a couple 
of other comments while I have the opportunity. These are in an area where they do not only fit this session, 
but they seem to fall between sessions and yet are important. I think that ecologists and biologists must be 
interested in the precursors of thermal discharge, that is, the use of energy. I am making an appeal and I 
should like to see a recommendation from this conference for a strong statement on the essential need to 
improve energy utilization. I think that in the same way that much of the additional energy research that 
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was discussed this morning — alternative energy sources — that might be carried out in the developed coun- 
tries, in the same way, I think it is incumbent on the developed countries to be in the forefront of developing 
much more effective ways of utilizing energy. Let me give you some specific examples of how that can be 
done. They are not trivial. In the United States approximately 41 % of all energy is used in industry. Of 
that amount, 17% of the total energy is used by industry as processed steam. We know technically that if 
we combine the energy-using facilities with the energy-generating facilities, we can make significant im- 
provements in energy efficiency. For example — and there are a number of operating examples in the United 
States and elsewhere — improvements from 30 to 40% efficiency up to the range of 50-60% efficiency in the 
use of energy. The effect of this is to be able to accomplish the same desired human activities with a very 
significant reduction of the discharge of heat to the biosphere. That, after all, is what you people have been 
talking about: the effect of thermal discharge to the biosphere. I think that it is important that you, as 
biologists and ecologists, take a strong and active interest in promoting and advocating techniques of this 
sort. This morning, as another example. Professor Dubos suggested that buildings, such as the one we all 
are sitting in now, and the one that most of us are housed in in the evening, use too much energy. There 
have been several recent studies which conclude that modern commercial buildings use between 20 and 80 % 
more energy than would be required if they were designed with energy in mind from the beginning. Such 
energy discharge to the atmosphere causes some of the problems that the rapporteur has referred to in 
the previous discussion. By insisting on new methods of design, by insisting on new codes and standards, 

I think the biologists and the ecologists, along with the architects and engineers, can more immediately 
bring about the types of changes we are all seeking. I worry about my biology and ecology friends retreating 
to the research laboratories and not actively participating in advocating some of the things I have talked 
about because I think they can be effective over the next 5 or 10 or 20 years. This is the critical period that 
was discussed this morning. 

AUBERT: Je voudrais faire d’abord une remarque: plusieurs fois a propos de questions generates et qui 
ne touchaient pas uniquement aux problemes thermiques, U a 6te question de I’importance des estuaires, 
zones cdtieres, etc. 11 se trouve qu’il s’agit la aussi d’un sujet de recherches coordonnees, lance dans le cadre 
du programme international des Nations Unies, sur I’Homme et la Biosphere (MAB). Mon intervention 
porte aussi sur un second point: dans ses remarques gendrales, le Professeur Peres, rapporteur, a fait allusion 
a ce qu’il a appele le taux d’occupation du sol, et, si j’ai bien compris, a une definition d’un taux optimum 
d’occupation du sol. Est-ce qu’il peut nous indiquer d’une fapon plus claire ce qu’il entend par 1^ et preciser 
comment il est possible de definir un taux d’occupation ou d’utilisation optimum du sol? 

YAROSH: I think I can perhaps answer that question. In Florida we have an extremely rapid growth 
rate both in population (last year a 4.5 % growth increase) and particularly in energy (electrical energy, 

I I % per year). We are very concerned about how long this can continue, so we have passed in our State 
legislature a growth policy. In that growth policy there is a statement that an analysis will be made of what 
is called the “carrying capacity” of the land in order to determine the optimum types of uses which can be 
made for the land, whether residential development, industrial development of various sorts, commercial 
development, or recreational. In the consideration of the carrying capacity one must consider the natural 
systems, for example, the water table levels, the amount of water in the aquifers, the type of soil that exists, 
the type of vegetation, whether it is a wetland, whether it is an area that contains estuaries, or what have you. 
So we have now on the books as part of our State law a requirement that this carrying capacity of the land 
be one of the things that be determined before development be allowed to proceed. 

TARZWELL; I have here a request from one of the panel members. Dr. Hedgpeth, after which we will 
take up the next question. 

HEDGPETH: I should just like to make a brief comment on Professor Doudoroff’s comment. While I 
do not believe in progress, I realize that it is impossible to stop interacting with the system in which we live, 
and, of course, this is essentially what we are talking about. I am reminded that there is another kind of 
pollution— at least another definition of pollution — and that, of course, is fishing. We are tampering with 
natural ecosystems, and we have been doing this for a long time. A good deal of what we know about 
ecology and the natural system comes from our study of fishing and fish population under exploitation. 
I quite agree with Professor Doudoroff that we are learning even more from what we are doing with other 
forms of pollution than commercial fishing. 

JOY : I have to agree with Professor Golterman. I do not know much about sewage, but I am prepared 
to accept his word that it is the 95 % you are worried about and that even the remaining few percent is 
dangerous. But in defence of Professor Doudoroff this is not so in relation to mining wastes and mining 
effluents, where it is the remaining few parts per million which are the extremely difficult fractions to remove. 
That is just one statement. Another statement is the influence of the interaction of biologists with the mining 
industry. As an example, there is a river in Cornwall known as the Red River because for 200 years the mines 
have been letting mine waters containing colloidal iron oxides into it. In the meantime a reed swamp has 
grown up at the point of discharge into the sea; it is quite easily seen that beyond the reed swamp there is 
practically no pollution because the reed swamp has developed some type of ecology of its own which 
succeeds in collecting and precipitating the very fine particles. Local environmentalists are now proposing 
to cut a channel through this swamp and are asking the technologists to discover a way of removing these 
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few hundred ppm of iron oxides. Tlie converse thing has happened in the United Stales in the last three 
years at Boss Bixby where in fact they have built algae lagoons for the very special purpose of entrapping 
the waste chemicals and fine solids before passing into the river. So we find it rather dimcult to know whether 
the biologists arc for, against, or just with us. 

OBREBSKY : I should like to make a few remarks concerning some aspects of ecology. Although the 
idea that stability of ecosystems is increased with increasing diversity has been a part of standard eco- 
logical theory in the past, I doubt that a current review of either the theoretical or experimental literature 
would unanimously support that view today. Some recent theoretical and experimental research suggests 
that some rather low diversity systems arc more stable. However, we must also remember that the 
concept of stability itself is hard to define and the concept of balance of nature is ambiguous and should 
be critically examined by further theoretical and experimental research. I think we should continue basic 
research in ecology and ecological theory to remove the many ambiguities from basic concepts. Although 
it is attractive to argue that diversity increases stability, in arguments against pollution perhaps stronger 
arguments for taking care not to pollute the environment will ensue from future— more realistic under- 
standing of the dynamics of ecosystems. I would emphasize the necessity for continuing basic research in 
theoretical ecology. I think that this particular issue has been underemphasized in the discussions that we 
have had in the last week. 

HEDGPETH: Thank you. May 1 make one comment to that? I think it is unfortunate that we have 
had to coincide with the first International Congress of Theoretical Ecology being held in The Hague on 
identical dales. It would have been nice to interact, or to have these meetings back to back, not simul- 
taneously. 

LEWIS: But I think I should speak rather as a scientist, an international scientist, having been connected 
with the international atomic energy agency in their technical program for 15 years or so. This has had a 
large hydrological component. What worries me about this meeting this afternoon, although my worry is 
diminishing because it appears that there arc plenty of people to speak, to defuse the confrontation atmos- 
phere that came from the panel, because we must work together. 1 have a couple of problems — engineering 
problems in this ease. One is that the St. Lawrence Seaway can be kept open in the winter — not iced over. 
The study of this had been done before the war, before the seaway existed. It is quite a diflicult problem but 
it is one in which the engineer and the biologist must work together. Because there is going to be plenty of 
cold water and the great trouble is to conserve heat, the water out in the bays— and bays arc not just shallow 
waters — svill be cold still. In fact, hardly changed, I expect. It is only a narrow channel that will be kept 
open. But this is a matter of getting a compromise between the biological health of the river throughout 
the year and the use for transportation. One can quarrel with the objective one way or another but it is a 
very real problem that really involves cooperation, and I think it involves more than just biologists and 
engineers. I happen to come of a family that has been concerned with watenvorks engineering in England, 
India, and Australia, and I can see, I should say, some advantages from things that have happened in this 
engineering but there also have been things that went wrong. So that we must work together, surely. 

TARZWELL: If I could make a comment. Water under the ice at 32°F would not necessarily be much 
different than water from which the ice has been removed. It could still be 32°F or a little bit above. I do 
not know of any freshwater organisms that require temperatures below 34°F— there may be some, I may 
be ignorant of their requirements. 

JASKE: I am stimulated to raise a question of organization in the conference by reaction of the panel — 
the one point I consider extremely important. In the reports of the previous groups — notably the energetics 
group — we heard a rather optimistic report by Dr. Kellogg on long range atmospheric modifications. 
However, even in the resources group, while there was an extremely good attention placed on the things 
that they did consider, it seems that the atmospheric features of power generation have really not been as 
broadly covered in the conference as perhaps they could be. I am concerned that we are leaving a set of 
open loops here which might lead the readers of the final proceedings to a conclusion that we really did 
not . . . that we really believed that the atmospheric problem would cure itself. Perhaps it might. I start 
with this logic by seeing no reaction from the panel to the point that was raised by Dr. Kellogg that it might 
be very dandy to warm up the whole world by several degrees. We did in fact hear some reactions of the 
panel to some very minor changes in temperature as being potentially dangerous, but on the notion of warm- 
ing up the whole world we heard very little. It is along these same lines that I point out again to the panel 
the remarks that I made in the panel which indicated that in the United States some of the thermal pro- 
jections and the forecasts for limited areas, which is the Boston- Washington area, do in fact when modeled, 
with models that have some credibility, indicate that areas as large as 50 000 square kilometers could be 
heated as much as 5° or 2.8°C on the average, and in the detailed areas around the city, perhaps as much as 
3.9°C. These figures are supported by recent Japanese studies which I have received. These seem like some 
very significant things. I would also like to indicate that the study of equilibrium processes between air and 
water would lead one to conclude that the water temperatures of this same area would be increased by 
approximately the same amount. So, again, I am left hanging here as to what this conference is really going 
to conclude in the questions of air-atmospheric pollution, particularly thermal pollution in regard to this 
very important question of temperature increases. To repeat myself, the biologists present have made a 
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big point over sublethal effects and minor incremental temperature differential, but have really not reacted 
to regional temperature modifications of wide scale. Along this same line, to conclude a supporting point, 
while it may have been mentioned in sessions that I did not attend, I heard nothing on the international 
transport of sulfur oxide which is already acknowledged to be a very major problem in Europe. We hear of 
statues dissolving and works of art being destroyed in some countries, acid lakes forming in Scandinavia, 
and the resources people — again all of them did an admirable job — seem to lose the opportunity in examining 
the fantastic scale of the fuel problem to consider the mining of fuel before it is used for resource-valuable 
materials. I should like to point out that, for instance, in the United States we provide government subsidies 
to mine sulfur using the Frasch process and achieve some 9 to 10 million tons a year to do this. We then 
go around and we discharge approximately 11-14 million tons of sulfur a year through stacks which we are 
now prepared to scrub out at a 6% total energy penalty on the system. The reason why it is stated that 
recovery is not practicable is because the price of sulfur is too low. I have in that example a really difficult 
problem to resolve. On the one hand, we have government stimulating activity and, on the other hand, we 
have the government penalizing activity, all in the same material. This can be extended to others — ^vanadium 
etc. There is a whole host of materials in fuel which go up the stack. I would like to conclude that this 
perhaps is not the proper panel, but due to all these open loops I do not know which panel would really be 
concerned about it. This conference should make the major recommendations that the international position 
on fuels move toward the head end or pretreatment of fuels before burning as an international objective 
in order to achieve optimum resource recovery and the utilization of minerals which are otherwise blown 
up the stack. 

BAHLOUL: Oui, vous vous etes inquietes des preoccupations de la conference au sujet de la pollution 
atmosph^rique et des mouvements atmospheriques. Je voudrais d’abord vous dire que, en ce qui concerne 
les mouvements a I’echelle globale, s’il est exact que si Ton rentre dans le cycle des modifications, on risque 
de provoquer des modifications irreversibles qui demanderaient ensuite des nulliers d’annees pour un retour 
a la normale. En function pourtant de la production de I’energie sur la planete d’ici Tan 2000, on pent 
considerer qu’il y a assez peu de rlsques de provoquer un changement important de la circulation generale 
de I’atmosphere. Je pense que tous les specialistes sont d’accord. Par centre, vous avez raison d’insister 
sur la notion de qualite de I’air, au meme titre que sur la notion de qualite de I’eau. En particulier, vous 
avez parle des climats locaux et des consequences. L’un des sujets abondamment traites a ete celui des 
centrales nuclfeires. On pent effectivement prendre le probleme de deux manieres, soit regarder quel est 
I’effet moyen sur I’atmosphere et cet effet est tout a fait raisonnable, soit; chercher s’il ne peut pas y avoir 
d’accidents atmospheriques. 

Evidemment, suivant qu’on prend le probleme sous un angle ou I’autre, on peut etre confiant ou dire que 
des accidents mdteorologiques sont possibles. Je crois que, dans I’dtat actuel des connaissances, on ne peut 
pas conclure. Les microcliraats et les climats locaux sont kudifo, les effets sont parfois benefiques, parfois 
n^fastes, mais en ce qui concerne les effets tres nettement nefastes, a part la pollution on n’en a pas mis 
encore en evidence. Les effets nefastes, en ce qui concerne la qualite de I’air, proviennent du role joue par 
I’atmosphere pour transporter des polluants. Ceux qui en sont la cause sont les gens qui envoient des 
polluants dans Pair, et vous avez cite le cas important en Europe du S02. 

En ce qui concerne I’aspect meteorologique du probleme, en tant que techniciens, nous pouvons seulement 
dire que Ton peut apprehender ce probleme correctement, c’est-a-dire qu’on peut faire des estimations 
assez precises en fonction de la provenance du SOj, quant a la destination oii arrivera ce SO». Done nous 
considerons qu’en tant que teclmiciens, le probleme est non pas resolu mais en bonne voie. Le probleme 
doit etre mis ensuite entre les mains de gens qui prennent la decision. En tout cas, je vous remercie d’avoir 
souligne la notion de qualite de Pair, au meme titre que la notion de qualite de Peau. 

GONZALEZ: I want to express just two words of support to the previous statement made by Dr. Mihursky. 
It is that an increase of diversity is tied to an increase in stability. We should also realize that according to 
this concept an increase in diversity is accompanied by an increase in maturity. This is also manifested in 
society and, therefore, I think that this maturity in our society should be reflected in better communication. 

CAIRNS ; I speak not from the point of view of a biologist since I am not one, but I must say that I have 
been disappointed in our sessions at the apparent lack of communications between people like myself who 
are familiar with the coastal environment from the point of view of the physics of the environment and 
with the biologists. I think that we could both benefit greatly by increased interaction. 

ROSS: First, may I please waste 10 seconds by congratulating you and your colleagues for keeping your 
speeches short and setting us a good example. Mr. Jaske made some remarks about sulfur dioxide pollution. 
This was discussed in one of the sessions. I should only like to say now that there are few ways of wasting 
more money than in trying to prevent the emission of sulfur dioxide into the atmosphere. Thirdly, I should 
like to appear to disagree with Dr. Golterman without actually doing so. He called for cooling towers 
wherever freshwater is needed for cooling. I think that in the present European situation he is probably 
right except for Finland and Sweden where lakes large enough for direct cooling may still exist. But when 
it comes to putting cooling towers on the shores of Lake Michigan, it seems to be complete nonsense. 

GOLTERMAN : Concerning the issue of the Great Lakes. It has also been said that the Great Lakes can 
also be used for disposal of all kinds of nutrients but it has become quite clear during the last two or three 
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years that the biological changes that are becoming apparent at the moment in the Great Lakes should not 
be neglected. I am not so sure that with the extra influence of temperature it is indeed going to have no 
effect. As long as we are not sure, I would rather prefer the cooling tower. 

HEALING: One of your distinguished colleagues kindly invited interest from other disciplines. As an 
example of this, may I ask, please, whether your working group or perhaps biologists in general have given 
any consideration to the possible ecological effects— favorable or otherwise— of the largescale mining of 
manganese nodules that is about to take place on the deep sea bed? I am thinking, of course, not only of 
the disturbance of the sea bed itself but the associated disturbance of oceanic waters. I would be interested 
to know if this is the sort of thing that biologists concern themselves with or possibly could monitor? 

HEDGPETH: May I make a comment there? There is considerable concern for the effect of this activity 
on bottom communities in the deeper sea because it is suspected that they are of very long duration and have 
slow turnover rates. And that one mining episode may indeed have very permanent effects. Professor H. L. 
Sanders, at Woods Hole, and his people are devoting some attention to this. Also, Dr. Robert Hessler at 
Scripps. But the deep sea is not represented here. 

PEARCE: Thank you. I was just invited, I gather, to make a comment. I do know that the United States 
Geological Survey has a large group which is concerned with the possible impact of mining magnesium 
nodules in the Pacific. As Dr. Hedgpeth suggested, they are talking to consultants at the present time and I 
believe are organizing a research group. There is also concern in terms of what ofishore oil drilling and 
exploration will do to marine communities, and there are several research programs undeivvay or proposed 
at the present time which are concerned with the recovery of minerals from the sea floor. Some of our 
representatives in Congress have suggested research programs which will consider the totality of the effects 
of offshore mineral exploration (Senator Clifford Case, New Jersey, has recently been responsible for such 
a comprehensive study off the New Jersey shoreline). 

HEINLE: I wanted to make just a brief comment on a theme that we have heard in some of the other 
sessions but seem to have gotten away from here. We referred on several occasions to the quality of life 
and the necessity for preserving it. I hark back again to the developing countries who still have, perhaps, 
more commune Nvith nature than they wish, whereas we who have achieved a quality of life have perhaps 
destroyed more than we wish. I would only like to hope that some sort of balance can be achieved in that 
they can learn something from us but not be denied the development they need. 

ROESSLER: Relevant to that comment, I have worked in Florida in the tropics and there we have seen 
an increase of one or two degrees Celsius cause damage in the summer to the local biota. We have also seen 
depression in the biota just by the natural temperatures in the summertime. I would like to mention, for 
the developing nations’ people here that the University of Miami and the University of South Florida have 
worked in a subtropical region; the University of Puerto Rico, the University of Hawaii, the University 
of Guam, and, I believe, some people in Pelau have done work in the tropics. It is extremely important to 
consider where in the tropics a person sites a power plant and to try to stay out of the shallow estuaries 
where grass beds and mangroves contribute high productivity. I would advise you to get these reports, 
which are rather hard to find ; as Dr. Peres says, some of them are just grey literature, just laboratory reports, 
but I think it would be worth your effort to try and get them. 

DALCQ: I would like to make some small comments. I was delighted to hear as a chemist representing 
the chemical industry of western Europe, from the point of view of the protection of the environment. I 
was delighted to hear the definition given by the distinguished rapporteur. Professor Peres on the protection 
of nature, which I noted, as being — if I may allow myself in a free translation — ^Ihe search for a state of 
equilibrium of the environment which would be compatible with a certain enjoyment by man of this environ- 
ment and of a certain form of exploiting natural resources — and especially the renewable ones. I was very 
puzzled by the next declaration of Dr. Golterman. I noticed from Professor Peres’s exposition that the 
ecologists had to improve their image in the public and by industrialists and so on. Really, if the ecologists 
as such and the environmentalists can go on with exaaing to prohibit any change of any system — and 
especially the water — they will not be followed, because it is too difficult, and when it is too difficult you 
cannot convince people. Now let us be reah'stic, as this gentleman from America said. You biologists are 
too modest. You know a lot of things and you always declare that you do not know. When we ask you for 
an advice, you always answer us, that it is variable, it may be so and so, it depends on the estuary, it depends 
on the water, and so on and so on. Now the governments are not doing so. They are taking decisions because 
there is a need of immediate action for the protection of our environment. Just to go back to the thermal 
pollution. I am a member of a governmental panel for a new law we are preparing and working on in my 
country. There was, of course, a discussion about the temperatures of rivers because it is a very big problem 
to know whether you have coolness in your electrical power plants or not. So what did we do? We took all 
the sr>ecifications of other countries — there were 19C, 20C, 23C, 25C — 25C with the exception of 29C — ^22 
with the exception of ± 5 during one week or during one month, and so on and so on. So without having 
any justification of what we should really do . . . but these differences of 1, 2 3, or 4 grades have a terrible 
impact on future investment in industry. I would ask the question — I know that you are more preoccupied 
by long range planning than by short range decision, but I should ask you if you would not be able to make 
a nice table with the knowledge you have about the normal, bearable limits of temperature in the rivers with 
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some differentiation perhaps for salmon needs and other kinds of fish with the seasons and so on. This 
would help very, very much the decision makers to whom you say that they decide without knowing. But 
they cannot do anything if you do not tell them. In the last recommendations of Professor Peres, one was 
that there was an exchange of information. I just want to quote you that in our industry we have this exchange 
of information of nonpublished things, nonpublished facts about the environment. It is functioning very 
well and should be encouraged on all levels. 

TARZWELL: Thank you. After one remark I should like to turn the microphone over to Dr. Mihursky. 
I think there is one thing that you should remember. You were speaking of different temperatures. There 
is a natural daily and seasonal variation or cycle of temperature. The organisms that have survived are the 
ones that have been successful in adapting to the environment and now make up the present biota. They 
had to adapt to these daily and seasonal changes with temperatures increasing in the spring, being highest 
in the summer, decreasing in the fall, and being lowest in the winter. Finally, through geological time the 
temperature fluctuations and variations to which they became adapted have now become their environmental 
requirements. Therefore, if you are suggesting the favorable temperature for a certain species or a group of 
animals you must consider the temperature requirements for the different seasons of the year. Maybe 
it is this cycle of temperature which is now required that is responsible for some of the trouble you have 
run into. I would now like to suggest that Dr. Mihursky continues. 

MIHURSKY : Yes, with regard to the points you made — and there were a number of them — I think you 
misunderstood a key point that I made in my statement. I think this may have been bothering you. I said 
we must follow a least energy cost pathway to meet legitimate social needs. In order to follow that pathway 
I am not saying it means no change. No way, or at no time in the past in my career as an ecologist have I 
insisted on no change. I have operated as a realist — ^which I think one must operate in that manner, or else 
you cannot be effective. If you say you cannot do anything, you are not going to be listened to. Along those 
lines I have worked with engineers for approximately 20 years concerning power plants and their designs 
in siting operations, and I think we have, indeed, affected changes that have been for the betterment of the 
environment. I think we all agree that we cannot afford to operate in a man-environment manner as we 
have in the past, that we must evolve new ways of working man into his environment. I think we have, 
indeed, been developing new approaches. These approaches have been developed by ecologists, biologists, 
and engineers working together. We have been doing that, for example, in the United States in the area 
where I work. Specifically our research has also provided to industry and to regulatory agencies specific 
recommendations which describe the tolerance of biological systems to various changes — to those ends 
we have developed something we call a thermo-biotic predictive model for esturine systems, and in turn the 
state in which we work has adopted new regulations that in part reflected the directions where our research 
suggested. In turn, industry responded to those regulations on the part of the state, and indeed I think are 
doing a considerably good job in meeting these requirements. So that we are definitely encouraged. Again, 
getting back to this point of change, Pete Doudoroff mentioned that to be effective as biologists we must 
be willing to stick our neck out and provide some estimates as to what we think the system can tolerate. 
I think more and more of us are doing that. I think what we are really striving for is to really get on with 
the job of managing ourselves. We cannot manage ourselves if we continue under the assumption that we 
cannot permit any change. There is a poem that I refer to quite often. It goes like this; “The queen bee is a 
busy soul / she has no time for birth control / and that’s why in times like these / there are so many sons-of- 
bees.” The challenge — and I think the queen bee is going to continue to produce. And as long as more 
people are coming about on the face of the earth, we are going to have to accept environmental changes. 
The challenge is to manage these environmental changes in a way that is socially acceptable to us. 

RICHARDSON: One of the examples of the sort of information or the sort of involvement that M. 
Dalcq was asking about I think has been manifested in the setting of water quality standards in the United 
States, a process in which Dr. Tarzwell was very actively involved. I wondered if you would care to comment 
briefly on the kinds of tradeoffs between science value and politics which were involved in that process? 
I know this could be the subject of an entire session rather than a brief comment. But I would — and I think 
others would too — value your brief comments at least on this. 

TARZWELL: I shall be glad to do so briefly. In speaking of the work of the committee on Water Quality 
Criteria for Fish and other Aquatic Life and Wildlife, I have stated that we prepared the report and made 
our recommendations on the basis of present knowledge, our experience, and our judgment. We found 
that most of the studies which had been made on temperature, dissolved oxygen, pH and salinity require- 
ments, and on toxicants as a group were short term studies. We had to try to project these into long term 
effects and levels which would not be harmful under conditions of continuous exposure. We gathered to- 
gether what data we could on fluctuations in temperature in marine and freshwaters, and we suggested 
that in the summer period tentatively there might be a rise of I.5°F; in the winter periods, except in unusual 
cases, and in the south a rise of 4°F would be permitted; that there should be no heat added to our cold 
water trout streams and the headwaters of streams where the salmon spawned because so many of them had 
already been wiped out. We suggested that in the tropics where the organisms were living closer to lethal 
temperatures, that these increases of 1.5°F should be required over a longer portion of the year. Later we 
suggested that this should be all year round for the tropics. Then we suggested that due to the differences in 
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the quality of water in different parts of the country and due to the fact that the quality of a receiving water 
greatly influences the toxicity of many materials being put into it, that numerical standards could not be 
given for large areas. We recommended that short term bioassays should be carried out, using for dilution 
water from the receiving stream taken outside the zone of influence of the effluent in question in order to 
take cognizance of the materials already in the water. Further, we suggest that the TL50 values determined 
in our short term bioassays be used with an application factor to indicate — insofar as possible — the con- 
centrations that were considered safe in the receiving water under conditions of continuous exposure. Since 
only seven application factors had been determined at that time, we suggested that for those materials that 
hydrolyze and break down rapidly there should be an application factor of 0.1, that is 0.1, the 96 h TL50 
or the concentration that killed half the test organisms in our short term 96 hr tests. For those wastes that 
are broken down by bacteria, we suggested an application factor of 0.05. For materials or wastes that were 
highly toxic and persistant we suggested an application factor of 0.01, realizing of course for some materials 
this would be too restrictive and for others not restrictive enough. We had indications that the application 
factor for cadmium was somewhere between 0.002 and 0.001. But we had to suggest something general. 
Our recommendations have been used as a basis for setting water quality standards in the United States. 
Our report was published in 1968 — we completed it in 1967. We had only three months to complete the 
task. The committee was organized on the last day of February and our report was due in mid June. Our 
committee was composed of 27 people and if you have ever tried to coordinate the discussions of 27 people 
and get them to agree on things, you know some of the tasks that we had. There is a new report coming out 
now which they call “The Blue Book” — our report was called “The Green Book.” The new report has been 
under preparation for more than four years. I think it is in publication now. In our report we did try to 
meet the problems in spite of the lack of data. I think we were quite right in a number of our recommenda- 
tions and I think they have served to at least maintain environmental conditions that were more desirable 
for aquatic life. Admittedly, there are mistakes. Admittedly we stuck our necks out and we based our 
recommendations on available data, our experience, and judgment. 

OLLA; I think that we, as biologists, have really not responded to environmental problems in the way we 
should. The parallel that I can think of has been the concentrated effort on cancer research in the United 
States for the past two years. The premiss was, if we can go to the moon we can do anything and consequently, 
if as much money as possible could be devoted to cancer research, this would result in a cancer cure. Of 
course, at that time, many of the noted cancer research people, attempting to understand the basic workings 
of the cell, said that an all-out money effort was not the thing needed. Understanding of the basic cell 
functions is not a parallel situation to shooting a rocket to the moon. While reaching the moon was dependent 
on technology most of the actual knowledge was already established. The problem of cancer must first 
be resolved by an understanding of the basic workings of the cell. I draw you back to the environment. We, 
as biologists, have met this challenge of the environment in a technical way, while what we really require 
is a basic understanding of the ecosystem. Unless we continue to do this we are not going to solve our problem 
over the long term. 

COOPER: My particular concern here is recycling. I want merely to take up a point which I think has 
been well made this afternoon: we all need biologists. We need their help, we need their cooperation. One 
area where I believe we need their help and cooperation is in the field of recycling and waste treatment. We 
need new processes. We also need new technology. We hope that we have some technology that works. 
Opinions about that very often differ. What we do know is that very often this technology requires fair 
amounts of energy and quite large metal fabrications to convey materials from one place to another, from 
one particular stage of process to another. What I think we do not know sufficiently is the extent to which 
biological processes can be made to work for us, to reduce — quite significantly I suppose — the amount of 
energy that is required and perhaps to make the systems which must treat the very large volumes of waste 
we produce operate more efficiently. 

GOLTERMAN : I should like to make a comment. We are constantly hearing that we are needing more 
biologists; in most of the European states at the moment there is unemployment for biologists. Many of 
the biology students at the moment, i.e. over 50%, cannot get a job. Therefore we turn back to the problem 
of money. I do not agree with the statement that for biology we do not need all that money — of course we 
do not need all the money that has been sent to the moon — but, let us say, 1 %. That would solve most of 
our problems. 

ROSENTHAL: At one of the first meetings we heard something about the effects of recycling on agri- 
culture. I have yet to hear anything about food production from water at this session. I was wondering 
when we should hear something about the potential of the oceans and of our rivers and water systems as 
a source of food for the future. 

GOLTERMAN: I think the biologists are very well aware of the problems of farming the ocean. You 
can only catch fish at certain places where the density is high enough so that you can really catch them. 

I think that the fertility of the ocean — although it has an enormous potential — at the moment we do not 
have the technological means of haiwesting the material that is growing there. 

HEDGPETH: Tliere is considerable optimism and concern about aquaculture, especially fish farming in 
coastal waters. A lot of us feel that this is perhaps a little rosier than the circumstances would warrant 
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because of the great expense. We have spent quite a lot of money, for example, trying to raise lobsters. 
{Homanis). The lobster larvae are carnivorous and cannibalistic. So if you want to raise lobsters you have 
got to separate them as they develop and put them in little individual dishes. The result is that you can 
indeed raise lobsters but your lobster dinner is going to cost S25 or something in that order at the restaurant 
at the present rate. There is concern that some people are going a little overboard on aquaculture schemes. 
Of course there are some reasonably successful enterprises. Some of them being carried out in Puget Sound 
and some started in Oregon; I am not sure about the latter, as it is in the begiiming phases, and it is not 
certain that it is going to pay out. The main aquacultural resources are in some of the less-developed countries. 
As is often said, you have a nice cycle there with the family pri\'y emptying into the fish ponds and so on. 
The considerable quantity of nutrients required to run one of these things is something we tend to forget. 
With respect to the ocean, I think I ought to point out that our numbering system is a little difierent. Professor 
Golterman was referring, I think, to figures that I would call 50 to 90 milli on metric tons of fishery resources. 
There are estimates that the populations of krill {Euphausia superba) in the Antarctic would yield this 
tonnage alone. But we are not entirely certain of that now, either, because of the nature of mass populations 
in the sea and our uncertain data. We have made no basic improvement of practical fishing methods since 
we came out of the trees, really. It is still a hunt-and-seek procedure and subject to surprisingly great vari- 
ations. We have lost one major fishery stock in The Pacific Ocean; we may lose the anchovies next, and not 
entirely through our own fault; perhaps through fiuctuations of only one or two degrees a year in the surface 
temperature of the ocean. Fluctuations on this scale are not uncommon and may be related to osdllations 
in the global atmospheric sj-stem. 

PERES: Je pense que Ton peut re’pondre par des chifiies a la question qui a ete pos& sur la quantite 
de nourriture que ITiomme peut tirer des eaux. Pour les eaux marines, les apports sont d’ I’ensiron 65 milh'ons 
de tonnes d’apport en poids frais, et, comme I’a dit le Dr. Golterman, ce total comporte emiron 25% de 
poisson a usage industriel. Pour les eaax douces, Ik apports sont de Tordre de 8 milh'ons de tonnes exprimes 
en poids frais. En ce qui conceme I’aquaculture, les apporte actuels, chifTres Fan dernier, a la reunion des 
specialistes Fao de Spoleto, a laquelle j’ai participe, se montent a 5,4 miUions de tonnes par an enxiron. 
La-dessus I’essentiel — a peu pres 5 milhons de toime — ^sient des eaux donees. II y a environ 400 000 tonnes 
par an de produits marins et d’eau saumatre. Le prograiiune de la F„A.O. envisage la multiphcation par 
dix des apports globaux de I’aquaculture a I’horizon de Fan 2000, ce qui est probablement faire preuve 
d’un optimisme exagere. Les estimations, quant a Faccroissement des captures, sont en general, pour les 
espkes connues — a condition qu’on en rationalise Fexploitation — et pour les ressources nouvelles, un 
doublement, e'est-a-dire qu’on pourrait obtenir environ 100 milhons de tonnes, a condition que les captures 
restent dan-; les normes actuelles de dimension, c*est-a-drre qu’on ne collects que des animaux marins — 
la taille, notamment pour les poissons, depasse 10 cm. Evidemment, si Fon s’engage dans Fexploitation cu 
micronection, les evaluations de production potentielle conduisent a des chiSres qui seraient de Fordre 
du milliar d de toimes par an. Seulement, a ce moment-la, se pose un probleme d’acoKsibihte, et on peut 
craindre qu’on ne depense, pour capturer css petites espies, davantage d’energie qu’ehes men foumiraient 
elles-memes. Cest ainsi, je crois, qu’oa peut resumer sommairement, en quelqnes mots, le probl&ne de la 
production des eatix. 
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INTRODUCTION 


N. N. Moiseev 

Computer Centre of Academy of Sciences of U.S.S.R., 
Vavilova 40, Moscow B333, U.S.S.R. 


Permettez-moi d’ouvrir notre discussion. Dans notre programme, ce matin, nous allons 
examiner les problemes de modelisation. II me semble logique que ces discussions soient 
placees a la fin de nos travaux. Dans les discussions precedentes, des aspects specifiques du 
probleme general de la definition de plans d’actions pour Thumanite ont ete examines. 
Ilestevident que lesconnaissancesprofondes des problemes associesaux ressourcesminerales 
I’economie politique, et surtout a I’interaction des ressources energetiques avec les equilibres 
thermiques globaux et done de la stabilite de la biosphere, sont d’une importance cardinale 
pour la perception des dimensions des problemes qui nous confrontent. Mais une perspective 
complete et equilibree du developpement futur de notre planete pent 8tre acquise seule- 
ment par une etude simultanee de tous ces domaines. Des possibilites entierement nouvelles 
pour de telles etudes ont ete produites par I’existence des ordinateurs modernes et par les 
disciplines mathematiques qui se rapportent a leur emploi pour de telles recherches. Tel 
fut le probleme qui fut considere par notre section. Je voudrais souligner que les discussions 
de notre section ne se rapportaient pas du tout aux questions mathematiques. Aujourd’hui, 
nous pouvons presque accepter comme axiome que I’impossibilite d’une formalisation 
complete exprime, non pas les faiblesses des mathematiques, mais la nature meme 
des choses. II s’ensuit que la transformation des connaissances separees dans un systeme 
de connaissances unifiees, n’est possible qu’en combinant les ordinateurs avec les talents 
et les intuitions des chercheurs. Cela represente naturellement un probleme difiicile, sur 
lequel il existe beaucoup de points de vue, mais apres deux jours de discussions, il devient 
clair qu’en principe nous comprenons tous ces problemes de la meme maniere. C’est ce 
point de vue commun qui vous sera presente par Monsieur Davous qui fut le President de 
notre section. Ensuite, une elaboration de certains points de vue plus specifiques vous sera 
presentee par Messieurs Forrester Mesarovic, et moi-meme, si vous le permettez. Ensuite 
nous ouvrirs la discussion generale dans laguelle Messieurs Kalmann et Matsuda auront 
I’opportunite de nous communiquer ce qu’ils pensent a ce sujet. 

Je donne la parole a Monsieur Davous. 




RAPPORT DU GROUPE SUR LA MODELISATION DES 
SYSTEMES MONDIAUX ET SES LIMITES 


P. Davous 

Directeur de la Societe Eureqitip, 19 rue Yves du Manoir, 
92420 Vaucresson, France 


L’organisation du present rapport ne suit pas exactement I’ordre chronologique des debats, 
car des preoccupations voisines sont souvent apparues dans les communications placees a 
differents moments de nos seances de travail. En outre, plusieurs de mes collegues m’ont 
suggere de comraencer ce rapport par un bref rappel de ce qu’est la modelisation, bien que 
nous n’ayons pas, en stance, attaque le probleme de definir exactement le terme de 
“modelisation”. 

Done, apres ce bref rappel sur la modelisation en general, nous ferons, dans une seconde 
partie, une revue de divers domaines ofi la modelisation a ete deja employee avec un niveau 
de succes variable, en essayant bien entendu de tirer un enseignement de cette analyse, 
e’est-a-dire, de correler le niveau de succes avec certaines caracteristiques des problemes 
attaques par le modelisateur. 

Dans une troisierae partie, nous aborderons I’examen des modeles mondiaux actuelle- 
ment proposes; nous avons eu la chance dans ce congres de voir participer a ces travaux 
les leaders les plus eminents des groupes de modelisation mondiale, et mon seul regret est 
que la brievete des discussions, due a un nombre de conferences peut-etre trop eleve pour 
deux courtes journees de travail, n’ait pas permis de developper aussi loin qu’il aurait ete 
souhaitable les echanges de vue entre ces personnalites de premier plan. 

Dans une quatrieme poirite, nous nous placerons a la pointe des recherches actuelles; la 
aussi, grace a la presence des meilleurs specialistes, nous avons pu voir s’entrouvrir les 
voies d’evolution des techniques de modelisation, tant dans le domaine des outils theoriques 
de base (mathematiques) que dans le domaine de la sociologie de Taction. 

A la fin de ce rapport, je vous donnerai lecture des resolutions proposees par le groupe 
de travail. 

Je voudrais remercier ici tons les membres du groupe de travail pour Taide qu’ils ont 
apporte au rapporteur dans la redaction des resolutions, et aussi tout specialement les 
orateurs, et les quatre presidents de seance: Messieurs Forrester, Moiseev, Matsuda, et 
Michiels. 


1. LA modelisation 

Pour dormer un contenu au terme de modelisation, nous prendrons tout simplement 
comme point de depart la definition que le dictionnaire donne du terme “modele”: “le 
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modele est une representation schdmatique d’un objet ou d’un processus qui permet de 
substituer un systeme plus simple au systdme naturel”. 

Un modele c’est done un substitut d’un objet rdel ou d’un processus reel. 

A quoi peut done bien servir un modele? C’est un outil pour augmenter notre con- 
naissance sur I’objet imitd ou pour transmettre de I’information sur cet objet. Un modele 
peut etre utilise ^ la place de I’objet ou du processus qu’il reprdsente soit pour des raisons 
d’economie (cela coflte moins cher d’extraire de la connaissance du modele) ou de dis- 
ponibilite (le modele peut representer un systdme qui n’existe pas encore, ou un systdme 
que Ton ne peut pas manipuler pour des raisons de taille ou de danger . . ,). 

Et il y a bien des milliers d’annees que Ics hommes se sont servis de modeles, au moins 
dans les sciences de la nature: astronomic, physique, biologic. Dans les sciences humaines, 
I’apparition de modeles est peut etre plus recente, encore que Ton puisse remonter au 
XVIIIeme siecle avec les travaux de Buffon sur I’arithmetique morale et de Condorcet 
sur la decision des assemblees. 

Ne concluons cependant pas trop vite qu’il n’y a rien de nouveau sous le soleil: I’epoque 
moderne apporte la conjonction d’outils mathematiques adaptes a la description des 
systemes dynamiques complexes, et d’outils technologiques (les ordinateurs) capables de 
manipuler les algorithmes mathdmatiques de description des systemes. Ceci etend de fafon 
formidable le champ ouvert a la modelisation car ce fameux substitut de I’objet reel est un 
simple programme d’ordinateur, et il n’y a pas a fabriquer, a usiner un objet materiel 
specifique imitant I’objet rdel. 

Il convient cependant de temperer notre enthousiasme: 

D’abord, il n’est pas si “simple” de r6aliser un programme d’ordinateur. 

Ensuite, le fait mSme que nous manipulons un substitut abstrait de I’objet ou du pro- 
cessus reel ouvre la porte a toute sorte de difficult6s dont la principale est la difBculte pour 
le non-sp6cialiste de comprendre ce qu’il y a dans la boite noire, d’avoir une vision im- 
mediate et synthetique du phenomene. 

Une autre difRculte est que le fait d’avoir certains outils de modelisation, certains for- 
malismes, n’implique pas que tous les phenomenes reels observables vont avoir le bon gotit 
de subir legitimement cette formalisation. 

Enfin, il est bon de rappeler qu’un modele donne ne peut pas etre d’une generalite telle 
qu’il permette d’etudier n’importe quelle caracteristique de I’objet imite. Il a toujours 
I’objectif limite de repondre ii une question ou a un groupe de questions que I’on se pose 
sur I’objet reel. 

Une modelisation bien conduite doit done suivre certaines etapes : 

Bien formuler le probleme que Ton cherche a resoudre a propos du systeme reel. 
Rechercher une formulation mathematique decrivant le systeme reel. Lors de cette 
formulation, bien expliciter les hypotheses simplificatrices faites. 

Ecrire un programme d’ordinateur traduisant cette formulation mathematique ou 
algorithmique (certains langages generaux adaptes a decrire d’assez larges classes de 
systemes mathematiques peuvent faciliter cette tache — langages Simscript, GPSS, 
Dynamo, Simulates . . . — ). 

Faire fonctionner ce programme a partir de donnees issues d’analyses statistiques faites 
sur le systeme reel. 

Valider le modele, e’est-a-dire verifier que les resultats donnes par le modele coincident 
avec des donnees relevees sur le systeme reel; cette tache en apparence simple est en realite 
tres complexe, car les donnees historiques relevees sur le systeme ont peut-etre justement 
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servi a etablir certains coefficients du modele; un test meilleur est bien stir de verifier si le 
comportement futur du systeme reel est conforme a ce qu’a predit le modMe. Mais le 
probleme est encore plus complexe et sa discussion nous emmenerait trop loin. 

Enfin, apres validation du modele, on entre dans I’etape d’exploitation du modele qui 
est loin d’etre simple: il faut construire de v6ritables plans d’experience pour choisir de 
fa?on optimale les groupes de donnees de depart utilis^es pour obtenir les reponses aux 
questions que Ton se pose au sujet du systeme reel. 

Quand le systeme reel est un systeme dont la structure ou les caracteristiques evoluent 
dans le temps, le modele devra evoluer lui aussi et vivre pour refleter ces changements 
structurels. 


2. ETAT ACTUEL DE LA MODfiLISATION 

Nous allons maintenant survoler rapidement quelques domaines d’application de la 
modelisation, en insistant specialement sur le niveau de succes ou d’echec rencontre par 
les modeles. Nous laissons pour la troisieme partie les modeles mondiaux. 


2.1. Quelques donnees numeriques 

Je commencerai par rappeler quelques donnees numeriques fort interessantes donnees 
par le Professeur Shubik sur les depenses occasionnees par les activites de modelisation aux 
Etats-Unis. 

450 modeles militaires ont ete identifies par un groupe compose du Prof. Shubik et de 
Garry Brewer; plus de 130 ont ^te analyses en detail. 

Un autre groupe a identifie 1 140 modeles civils et 300 ont ete analyses en detail. 

Le cout moyen est de $250 000 pour les modeles militaires, de $140 000 pour les mod^es 
civils qui sont construits autour d’un nombre plus restreint d’equations, environ 25. 

Les depenses totales sont de I’ordre de 100 millions de dollars par an. 

Chaque modMe utilise en moyenne 4 hommes-annees et entre en service environ 17 mois 
apres le debut de I’etude, 

Les buts poursuivis par ces modeles sont multiples: 

52% visent a aider le choix de politiques 
53% traitent de I’analyse d’un probleme 
43 % traitent d’evaluation de systeme 
48 % servent a la prevision 

Le total de ces chiffres fait plus que 100 % car chaque modele peut avoir plusieurs buts. 


2.2. Domaines de succes des modeles 

La notion de succes d’un modele est evldemment tres subjective: a 1’ extreme on peut 
dire qu’il y a succes si le modele a une validite demontree scientifiquement et s’il est effec- 
tivement utilise; mais on pourra helas aussi definir le succes par le fait que la personne qui 
a finance le modMe est contente du resultat. 

Neanmoins, on peut dire en gros que le succes depend du domaine d’application et de la 
fa?on dont le modele a ete construit. 
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Le succes est plus frequent si le systeme etudi6, tout en etant relativement complexe, est 
lie a ce que Ton pourrait appeler des “determinismes forts”. Ce sera le cas de beaucoup de 
systemes physiques, ce sera le cas aussi des modeles servant a definir une politique optimale 
d’affectation de moyens bien definis a des tachesb ien definies, en presence de confraintes 
bien definies, comme c’est le cas de ce que Ton appelle la “programmation lineaire” ou son 
extension, la “programmation mathematique”. 

C’est le cas enfin pour quelques modeles de prevision economique a court terme, et en 
I’absence d’elements majeurs imprevisibles. 

Nous avons dit aussi que le succes depend de la fagon dont le modele a vu le jour; nous 
aurons I’occasion de revenir sur ce point important, mais notons des maintenant que si 
I’homme qui finance le modele a une vision tres claire de la question a laquelle il souhaite 
voir apporter une reponse, et s’il controle lui-meme les phases d’execution du modele, les 
chances de succes seront plus grandes. 

Au cours de nos seances de travail, plusieurs exposes ont traite de ces types de mod^es. 

Monsieur Astrdm a presente les dilferents types de probleme rencontres dans la modeli- 
sation des systemes de controle industriel et d’optimisation. Le Professeur Medow a 
presente une communication du Professeur Khachaturov sur un systeme de simulation 
pour le developpement d’un centre de production de gaz et de petrole. 

Dans un domaine un peu different, I’application de la modelisation aux problemes 
ecologiques a ete presentee par le Professeur Moiseev d’apres les travaux du Professeur 
Sverezhev. Cette communication presente, dans une vision large et ambitieuse, I’orientation 
de I’ecole sovietique dans le domaine des etudes systematiques de la biosphere. 

Dans le domaine economique, le Professeur Ivanov nous a explique comment les tech- 
niques de modelisation s’appliquaient assez bien a la gestion d’une economie socialiste 
centralisee. 

Enfin, Monsieur Vatel nous a montre comment Ton pouvait concevoir une procedure 
iterative pour la preparation des decisions sur la protection de I’environnement (en intro- 
duisant pour chaque notion un facteur de preference entre la satisfaction des objectifs 
nationaux et la satisfaction des objectifs mondiaux). 


2.3. Causes d’echec en modelisation 

De tres nombreuses causes ont ete mentionnees au cours des travaux; elles se groupent 
en quelques classes : 

— Non-reconnaissance de toutes les dimensions du systeme etudie. Par exemple on ne 
traite que la partie physique d’un systeme sans tenir compte des dimensions socio- 
economiques. C’est le danger “reductionniste”. Monsieur Brockett a axe sa com- 
munication sur ce point, en notant que les systemes humains changent leur comporte- 
ment justement a la suite d’une modelisation qui les concerne. 

— Mauvaise definition des frontieres du systeme et oubli de certains facteurs d’influence 
importants. 

— Simplification abusive de la description du systeme: on fait certaines hypotheses qui 
permettent de traiter le probleme, mais le modele cesse d’etre pertinent. 

— Le danger inverse est egalement present: on pent tres bien construire un mod^e 
abusivement complexe. Si les donnees disponibles ne sont pas suffisamment precises 
et certaines, si elles sont entachees d’erreurs de mesure, il est illegitime d’inclure dans 
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la description des degres de liberte supplementaires qui deteriorent le modele plutdt 
que de I’ameliorer. Un exemple de ce phenomene a ete decrit par le Professeur Akaike: 
il y a un niveau optimal de complexite du modele. 

— De nombreuses causes d’6chec sont a rechercher dans la mauvaise prise en compte 
de parametres sociologiques et psychologiques presents dans le travail de modelisa- 
tionmeme: 

. on fait par exemple un mod^e sans client pour le modele, c’est-a-dire sans personne 
capable de definir precisement ce que Ton attend de ce modMe. 

. ou encore I’interaction entre tons les acteurs economiques interesses par I’activite 
de modelisation n’est pas correctement etablie et entretenue. Plusieurs communica- 
tions ont insiste sur ce point. 

Le Professeur Shubik s’est livre a une analyse taxonomique de ces acteurs : politiciens, 
dirigeants, groupes de planification, professeurs et aussi le public dans certains cas. 
Tons ces acteurs poursuivent des buts differents, ont des perceptions, des responsabilites, 
des interets differents. Monsieur Brewer a montre les deviations qui peuvent resulter de 
certains interets personnels. Monsieur Friedmann a insiste sur la necessite d’inclure dans 
le processus de planification les acteurs qui ont la perception la plus claire de la situation, 
et d’eviter tout elitisme. Monsieur Comblit a insiste dans le meme sens. 

La necessite d’arriver a un modele comprehensible par les utilisateurs a ete soulignee par 
Monsieur Michiels. 

Tout le probleme des communications a assurer autour de I’activite de modelisation a 
ete evoquee a plusieurs reprises. 

II a ete mentionne que les documents decrivant les modeles etaient souvent si mal faits 
ou meme inexistants que seul le redacteur du modele pouvait le modifier ou meme simple- 
ment I’utiliser. 

II faut sans doute voir la des imperfections de jeunesse, mais il faut bien les identifier et 
les corriger. 


3. LES MODULES MONDIAUX ACTUELS 

Il est temps de passer maintenant a la presentation des modeles mondiaux. Comme je I’ai 
deja mentionne, nous avons eu la chance d’avoir a notre groupe de travail des leaders des 
groupes de modelisation mondiale les plus eminents. 

Je vais presenter brievement les caracteristiques de quatre modMes qui sont bien re- 
presentatifs de I’etat actuel de la modelisation mondiale: le modele du Professeur Forrester 
et du Professeur Meadows, le modele des Professeurs Mesarovic et Pestel; le modMe de la 
Banque Mondiale presente par le Professeur Chenery, le modele presente par le Professeur 
Moiseev. 

L’analyse qui va suivre est due a I’amabilite de Monsieur Richardson qui m’a aide dans 
la preparation de cette partie du rapport. 

3.1. Le modele Forrester-Meadows 

Popularise par son application decrite dans le best-seller “the limits to growth” ou 
“Halte a la croissance” pour I’edition frangaise, ce modMe s’appuie sur la methodologie de 
dynamique des systemes developpee par le Professeur Forrester. 
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— Lc niveau gdographique d’analysc cst Ic moneJe pris globalcmcnl. 

— L’horizon tcmporcl cl6passc 100 ans. 

— Lc point de vuc principal adoptc cst la ddfmition dcs limites la croissancc. 

— Lcs donndcs de base sont rclativcmcnt agrdgdcs ct done cn nombre asscz limite. 

Lc module etudic I’intcraction de cinq variables principalcs: population, supcrficic 
cultivcc, capital agricolc, capital industricl ct pollution. 

Jc pense que lc Profcsscur Forrester fera lui-memc un commentaire sur la signification a 
apportcr aux rdsultats de cc modcic, sur Timportance qu’il accordc i la validation du 
mod6Ic par lc public, ct sur la ndccssitd d’clargir lcs horizons de la moddlisation cn la 
couplant mieux avee lcs besoins du public. 


3.2. Lc modcic Mcsarovic-Pcstcl 

La mcthodologic utilisdc cst unc simulation de systemes hicrarcliisds complexes h plusicurs 
niveaux. 

Plusicurs niveaux ou strates sont definis: 

. niveau dcs individus, dcs groupcs 
. niveau demographique ct (Sconomique 
. niveau technologiquc 
. niveau ccologiquc 
. niveau geophysique 

Les couplages entre ces diflerentes strates sont cxplicitcs. Outre lcs relations causales, 
les aspects sociologiques sont pris cn comptc par dcs sednarii. 

Le couplage avee les processus de prise de decision, de formulation des normes cst 
egalement introduit. La prise en compte de ces dilTcrents couplages aboutit a un systeme 
d’un millier d’equations. 

Le monde est divisd en 10 regions. 

L’horizon temporel est 50 ans. 

L’etude est centree sur les variations cycliques affectant la population, les ressources 
alimentaires, energetiques, minerales et I’apparition de crises. 

Les donnees introduites sont abondantes sur les ressources agricoles, energetiques, les 
superficies utilisables, les facteurs economiques principaux. 

Je laisserai la aussi le soin au Professeur Mesarovic de vous exprimer ce que sont les 
resultats de ce modele et les recommandations qu’il en deduit, notamment sur la necessite 
d’une cooperation internationale. 


3.3. Le modele Chenery - Banque Mondiale 

La methodologie utilisee est I’analyse economique s’appuyant sur des matrices d’echange 
entre nations (de 16 a 18 lignes et colonnes). 

Le monde est etudie au niveau des nations. 

L’horizon temporel est de 10 a 15 ans. 

L’orientation principale du modele est I’etude de la distribution des ressources et le 
developpement economique des nations dans un contexte global. 
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Les donnees utilisees sont extremement abondantes, la base des donnees est probablement 
la plus volumineuse des quatre modeles etudies. 

A partir d’hypotheses sur revolution de certaines variables, prix et politiques, des 
simulations globales sont effectuees aboutissant a certains scdnarii. 

Les resultats de ces scenarii servent a orienter les redistributions de financements de la 
Banque Mondiale entre les nations. 


3.4. Le modele Moiseev 

La methodologie utilisee differe des precedentes; dans la description des phenomenes, 
on s’efforce de faire apparaitre des invariants auxquels on pourrait appliquer un principe 
de conservation. 

Le monde est divise en une dizaine de regions. 

L’accent est mis plus sur les problemes de perturbations globales techniques que sur les 
phenomenes demographiques. 

Le systeme de modeles est directement controlable, c’est-a-dire qu’il contient des para- 
metres et des fonctions libres, representant ses instruments de controle, (qui peuvent etre 
changes par des procedures d’ optimisation ainsi que par des procedures de simulation). 

Le modele de production contient cinq secteurs; moyens de production, biens de con- 
sommation (sauf alimentation), agriculture, matieres premieres et energie. 

Le progres technologique est inclus dans le module. Le Professeur Moiseev vous parlera 
je pense, des resultats actuels acquis. 


3,5, Evaluation de la situation actuelle de la modelisation mondiale 

La premiere remarque est qu’il y a en fait deux audiences bien distinctes pour de tels 
modeles : le public et les decideurs. Suivant que Ton cherche a atteindre une sensibilisation de 
I’opinion ou au contraire d’apporter aux decideurs certaines perspectives sur les con- 
sequences possibles de leur decision, on aboutit a des modeles qui differeront par plusieurs 
points: 

— par la nature des problemes couverts d’abord; 

— par la nature du modele lui-meme; 

— par les criteres de validite, 

Les deux types d’activite de modelisation sont legitimes; encore convient-il que les 
modelisateurs expriment clairement quelle audience ils visent et quel est leur but. 

Les conclusions quel’on peuttirer des modeles globaux existants contiennentdes elements 
factuels, mais aussi des elements subjectifs lies a une certaine vision du modelisateur et a 
son systeme de valeur. Les travaux disponibles actuellement ne mettent peut-etre pas 
suffisamment en lumiere ces deux classes d’elements. Ils ne sont pas assez explicites sur le 
degre de certitude que Ton doit attacher aux previsions et aux conclusions. 

Les mod^es qui visent a influer sur des decisions de changement d’orientation, de 
definition de politiques, utilisent a I’heure actuelle des donnees nationales, alors que les 
problemes analyses sont justiciables d’une analyse globale. 
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II cst clair qu’iinc coop6ration accrue entre Ics dquipcs travaillant sur Ics modclcs globaux 
cst souhaitablc, mais la diversite dc ccs cfTorts am6nc h penser que ccla sera dilTicilc h. 
rcaliser ii court lernie. 

C’cst cependant vers une telle cooperation que la plupart des dquipcs impliquccs dans la 
realisation de modcles niondiaux voudraient aller; bicn plus, une insistance toute particu- 
licre a dt6 mise sur I’urgence de decisions a prendre dans ce sens. 

Nous aurons a revenir sur ce point dans la presentation des resolutions du groupc de 
travail. 


4. VOIES DE RECHERCHE AVANCfiE ET POINTS DE CONTROVERSE EN 

MODfiLISATION 

11 convient maintcnanl dc parlor des voics dc recherche avanccc cn modclisation. 

Des progres rapidcs ont etc cfTcctucs au cours des dix dcrnicrcs annccs. Lc Profcsscur 
Kalman nous a montr6 comment les concepts issus dc la tlicoric des systemes apportaient 
des outils d’attaque pour la modclisation des systemes dynamiques complexes. (II nous a 
montre lc danger qu'il y aurait i croirc que certains concepts appartiennent a dcs domaines 
specialises alors qu’ils sont dc nature purement mathematique; dans lc domainc dc 
I’cconomic par cxcmplc, il serait dangcreux d’interpreter lc concept dc programmation 
lineairc en termes de superstructures dconomiques.) 

Puis le Profcsscur Kalman a montre comment la thdoric de la realisation dcs systemes 
lincaircs permettait dc jeter les bases d’unc thcoric de la modclisation. (Un rcsultat intercs- 
sant dc cettc approchc cst de montrer rcxistcncc d’unc corrcspondancc entre la description 
d’un systemc cn termes de comportement et sa description cn termes de structure, reduisant 
ainsi a un problcme vide la querellc entre les behavioristes et les rcducUonnistcs.) 

Tout cela est prometteur et les travaux de ce genre doivent contineur, mais il est a observer 
que leur utilisation directc dans les probldmes de modclisation globale n’a pas etc realisee 
a ce jour. 

Le Profcsscur Marncy a abordd sous un angle assez different les problemes de modelisa- 
tion: il nous a donne les premiers dlcments d’une reflexion sur la modclisation dcs systemes 
adaptifs en utilisant une approche qu’il appelle “approche thcorique normative”. 

Il etudie le contextc strategique dans Icqucl s’inscrit Taction de modclisation, note la 
sensibilite des decisions aux normes et se livre a une critique approfondie de ce que nous 
appclons “rationalite” quand nous parlous de systemes globaux. Il propose une organisa- 
tion du domaine de la decision en plusieurs niveaux couples en une structure hierarchique. 
Deux prototypes de tels systemes dc decision ont ete evoquds. 

Plusieurs autres exposes (notamment ceux de MM. Matsuda et Dalkey) ont insiste sur 
le probleme des valeurs et sur la manierc d’introduire dans les activites de modclisation une 
prise en compte efficace du systeme de valeurs du groupe social concernc. 

Pour definir correctement les buts d’une organisation, le Professeur Matsuda insiste sur 
la necessite de fournir a toutes les parties concernees les informations pertinentes sur les 
consequences pr^vues des actions et d’organiser la resolution des conflits. 

Le Professeur Dalkey a propose une approche permettant d’acceder aux valeurs humaines 
de reference privilegiees par un groupe. 

Nous arrivons maintenant a un point tres fondamental : plusieurs orateurs ont pose la 
question de la justification nieme des activites de modclisation. 
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Lc Professcur Churchman a propose de remonter a une approche donnant plus de poids 
a la tradition humaniste si nous voulons aboutir a un monde adapte aux exigences fonda- 
mentales de Thumanite. 

II indique comme voie esscntielle de recherche un approfondissement de notre con- 
naissance de Thomme comme creature biologique, psychologique, sociologique, morale, 
mythique. 

Le Professeur AnsofT, ctudiant I’etat de nos connaissances sur le comportement des 
organisations, a trace une fresque de revolution des approches utilisees depuis une vingtaine 
d’annces pour formuler la stratcgie des groupes humains. II a montre comment ces appro- 
ches sc sont cnrichies progressivemcnt, passant de I’organisation elementaire des taches a 
ridentification des variables stratcgiqucs, puis incorporant les probleraes de management 
des discontinuitcs, dcs crises, ct ddbouchant sur une theorie du comportement strategique. 

Lc Professeur AnsofT insiste pour quc nous allions au-dela des approches cartesiennes 
et que nous attaquions Taction en matiere de processus sociaux comme un tout, dont la 
rationalite n’cst pas rcstreinte aux activites de modelisation. 

Je rappelle enfin la position deja citee du Professeur Shubik, car son souci de voir exister 
un systeme efiicace de construction des institutions se rapproche des preoccupations ci- 
dessus. Jc citerai seulemcnt une de scs phrases qui me parait un excellent condense de sa 
position: “Essaycz-vous de resoudre un probleme, ou etes-vous une partie de ce probleme?” 

Monsieur Harman a souleve la difiicultc suivante: les problemes que nous rencontrons 
ont ete en fait crces par Ic succes de Terc industrielle. II se peut que nous soyons a un point 
ou les modes de pensee issus dc Tere industrielle ne s’appliquent absolument plus et que 
nous devions passer a une vision radicalcment nouvelle de la societe post-industrielle. Si 
c’est le cas, les modeles actuels issus de modes de pensee anciens doivent 6tre utilises avec 
la plus extreme prudence. 

Certains dc ces points dc controverse s’exprimeront sans doute au cours des defaats, 
mais peut-etre trouvcnt-ils un debut de solution dans la synthese ambitieuse presentee par 
le Professeur Jantsch. II est sans doute encore plus ambitieux d’essayer de la resumer en 
deux phrases mais au risque de deformcr la pensee du Professeur Jantsch, j’indiquerai 
qu’elle consiste a classcr les systemes suivant deux dimensions: 

. la premiere dimension est liee au type d’interaction entre Tobservateur et le systeme; 
ils sont ou totalement distincts, ou en interaction dialectique ou enfin, au troisieme 
niveau, Tobservateur fait partie du systeme. 

. La deuxieme dimension est lice au degre de conscience du systeme. Le premier niveau 
correspond a la dimension physique, le deuxieme a la dimension biologique, le troisieme 
a la dimension humaine. 

Croisant ces deux dimensions, le Professeur Jantsch definit ainsi neuf domaines differents 
pour chacun desquels la notion de modele prend un sens different et la nature des problemes 
poses va depuis les niveaux les plus simples (causalite de type mecaniste) jusqu’aux plus 
complexes (genese des systemes culturels). 

La derniere conference presentee a et6 celle du Professeur Medow qui a propose une 
methode d’attaque des problemes de modelisation mondiale, faisant un large appel au 
couplage interactif entre Thomme et Tordinateur, Trois individus ou groupes d’individus 
travailleraient dans trois salles equipees de terrainaux d’ordinateurs, de moyens de visuali- 
sation et de communication. 
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Lc premier groupe dcfmirait les situations nccessitant action ct les specifications dcs 
programmes k dcveloppcr pour maitriscr ccs situations. 

Le deuxieme groupe serait charge dc la tfichc dc realiser ces programmes. 

Lc troisieme groupe prendrait cn comptc les conditions dc stabilitc biologique et sociaie. 

Un quatrieme systeme dc supervision assurcrait la regulation d’cnsemblc de ces inter- 
actions k partir d’un algorithmc de planification. 

Dans la discussion qui a cloture nos travaux un certain nombre dc points susccptibles de 
donner lieu i dcs recommandations ont cte evoques. 

Les resolutions qui vous scront lues tout a Theure cssaient de degager une position com- 
mune; mais il cst clair que ccs resolutions nc sont pas I’exprcssion d’une position unanime 
du groupe. 

II est done souhaitablc qu’au cours des discussions de cette matinee, des points de vue 
compiementaires puissent s’cxprimcr. 
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MOISEEV : Mcrci Monsieur Davous pour votre tr6s grand travail. 

FORRESTER: We must recognize that all operating decisions and all political decisions are now made 
on the basis of models. The mental images we use in our decision making arc models. One does not have a 
counlo’, or a city, or a world in his head, but only assumptions about the structure and the nature of those 
systems. We do not have the option of not using models, because everything we do is already based on 
some model. So we should address ourselves to how models should be improved. One can approach modeling 
from various directions— from statistical information, from theory, or from mathematical technique. But 
one can also approach from a different direction. One can approach modeling from that body of descriptive 
knowledge we arc now using in our private and political decisions. One can take descriptive knowledge 
and cast it into a more formal and orderly form. We have available a wealth of information. In fact, we 
arc overwhelmed by information. We arc handicapped less by a lack of information than by having too 
much information. On the other hand, that information is fragmentary. It is not well organized. The state- 
ments arc usually imprecise. We do not have effective ability to determine the future implications of the 
assumptions that we arc willing to accept. In other words our present assumptions might lead to future 
consequences quite different from those we expect. It is possible to take any kind of verbal description and 
cast it into a forma! model structure that represents the rates of flow and the accumulations of both the 
tangible and intangible variables. One can organize a model that cuts across disciplines to include psycho- 
logical, economic, monclarj', and physical variables in one unified structure. By doing so, one can locate 
the internal contradictions in the information we arc now using, find the future consequences of assumptions 
we are now accepting, and determine alternative future behavior that would follow from different policies. 
Such a model communicates with the descriptive knowledge in the operating world. It communicates with 
political and business leaders and with the public. I believe the branch of modeling that starts from des- 
criptive information about the operating world will yield the greatest payoff for least effort. 

OALKEY: Professor Forrester has made the important point that we cannot avoid using models— any 
decision is made in light of our understanding of the world, which is in a sense a model. I also agree with 
Professors Churchman and Shubik that the models we have In our minds arc not the same sort of thing 
as the kind of models that can be represented by computer programs. Our mental models are intuitive, 
fuzzy, and incomplete. In addition, mental models differ widely from individual to individual. The differences 
can be very large even for individuals in the same professional community. 

In this situation there arc two approaches that can be taken. One is the traditional route where a creative 
individual formulates his model in greater specificity, perhaps with the help of other individuals. It is then 
possible to include knowledge and insights of others in terms of judgmental inputs. 

A different route is to try to include the knowledge of all members of a group by creating a group or 
collective model, that is, a model which aggregates the individual models. Methods for doing this are in 
an early stage of development at present. Some help can be obtained from dimension — reduction techniques 
such as factor analysis, Chester analysis, and multiple dimensional scaling. By such techniques it is possible 
to reduce the large, miscellaneous set of elements or factors included in the individual models to a small, 
coherent, list of factors. 

Similar techniques can be used to formulate collective value judgments, sets of priorities, and the like. 

Although methods for generating collccti%’c models arc in an early stage of development, they are re- 
searchable, and progress is being made in making them available for policy assessments. 

MESAROVIC; I cannot describe the model which we have dev'cloped in our group. Before talking about 
the results let me just state again briefly our motivation. Our main goal was not to develop a model to 
predict the future development of the world system which we do not believe to be possible, but rather to 
develop a planning fool, that is a flexible procedure for the assessment of the alternative parts of develop- 
ment which, of course, is based on a certain model. The model is part of a procedure for the assessment of 
the parts of alternative parts of development rather than to predict the future. Our immediate objective 
for the first variation of such a fool or of such a model as a part of this tool was designed, was the assess- 
ment of the alternative ways in which we could solve the world crisis. How could it be solved ? We referred 
to a particular economic gap, food, energy crisis, and so on. I mentioned the economic gap or inequality 
in the world first as I did in my presentation to the group because we considered that to be problem number 
1. That, of course, is reflected in the structure of the model as we developed it. We have asked some specific 
questions we wanted to analyze by using the tool because the model and the tool was, of course, designed 
to answer some of these questions. We were particularly interested in the following four questions. They 
are more or less obvious but there are some others which can be added which we have not considered. 
Question 1 is: These crises arc persistent, that is, are they going to get better or worse and in what sort 
of ways and in what magnitudes and so on? Question 2: Whether they can be solved in national or regional 
boundaries, as we, of course, perceive them: or arc the solutions possible only within a global context? 
Question 3: Whether they can be solved by traditional means, and what we mean by traditional means if, 
of course, to explain the scenarios as we play them enough? Question 4: Is the confrontation the only way 
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to solve the problem of whether there is a rational process for cooperation? I say confrontation because 
there arc several ways in which the world crisis can be solved which we do not have to elaborate on here 
but which do not require necessarily cooperation. Cooperation is not the only solution. But the question is 
whether it is a rational enough solution. So these were the four questions which we tried to answer, using 
our tools in reference to the crisis I mentioned. Let me just give you the answers we arrived at and then let 
me briefly describe the scenarios which led us to provide these answers. To question 1 ; The crises arc indeed 
persistent. In our assessment, they arc going to get worse before they get better. Question 2: Whether they 
can be solved in national, regional boundaries — partieularly the food crisis, which I feel was not emphasized 
enough, at least according to my own feelings at this meeting, cannot be solved within regional boundaries. 
I do not mean only in terms of physical, productional food, but also economic and so on. So a global 
context is needed. Question 3: Whether traditional measures arc suflicient or not; the answer is again no. 
And we will elaborate on this later on, but it boils down to the fact that we cannot talk about demographic 
problems only, nor can we talk about economic development problems only, nor can we talk about the 
energy crisis only, but they arc so coupled that we have to look into ways how to solve all of them simul- 
taneously. Question 4: Whether cooperation is possible, whether there exists a rational basis in which no 
participants so to speak arc losing so much as to be able not to cooperate. The answer to this question from 
our viewpoint is yes. There exists a basis. Again, this is based on our assumption model which is available 
for consideration. Again, I am not saying that that is the future and 1 am not saying that that is the only 
solution, I am just saying that this is a solution according to our analysis. Now let me just give you some 
of the scenario for a solution to the world food crisis. We have played hundreds of different scenarios, but 
let me give you five cornerpoints, if you like, to show you how we arrived at the conclusions I have just 
mentioned. Let me refer to the food situation in south and southeast Asia. As you all know, according to 
a United Nations estimate there will be an additional 1 billion people in south and southeast Asia — whether 
it will be by the year 2000 or the year 2005 or 2010 is an open question. But it will be there. So we have to 
worry about an additional billion people in that region. Number 2: looking at the maximum arable land 
available, that translates into a 200-250 people per square kilometer of arable land. That is just to show 
you the magnitude of the problem which we arc confronted with. So Scenario number 1 is a historical 
pattern of development as we understood it on the basis of our data and so on, and whether the problem 
could be solved. The answer is no. Let me not go into details. It is not only an economical question: ac- 
cording to our assessment it is a physical question as well — not only produeing food there but importing 
food from outside. Scenario number I is based on food being available from outside in the form of aid so 
that there is no slowdown of population momentum. This is clearly not a feasible scenario, but it is a scenario. 
So in that way a solution cannot be found. Scenario number 2, which we call a tragic scenario, is that food 
is not available and therefore the population will slow down according to a shortage of protein and so on, 
and that, of course, does not represent a solution in any way whatsoever. Scenario number 3, self-sufficiency, 
regional self-sufficiency, that is shift of investment from industrial development to agricultural development 
regionally, to the maximum possible extent. According to our assessment, it indicates that the industrial 
development will be hurt so much that it will simply not provide a solution in the sense that the food will 
be continuously needed to be imported into the region. Scenario number 4, in which our national cultural 
investment and aid is provided to the region, again turned out to be unsatisfactory because there will still 
be a large portion of economic output of gross regional product needed to pay for this aid which is strictly 
agricultural. This industrial agricultural aid is based not only from, say, some of the developed world but 
provided on a global basis because the economic load would be too much to bear. So that is the fifth scenario 
which, according to our analysis, could provide a solution. Will that happen 7 I do not know. There are 
many other alternative ways. But that is a solution. So this type of scenario analysis and these five scenarios, 
particularly in the food crisis situation, led us to pose the question as previously mentioned. It was on a 
still higher level that led us to the concept of organic growth as a contribution to the growth discussion 
right now, that is the pro-growth or zero-growth dilemma. 

In conclusion let me just say that we held a five-day seminar at the International Institute for Applied 
Systems Analysis in Luxembourg and the proceedings — about 3000 pages — describe all the data and all 
the equations and have papers from about fifty people which are available for inspection. The general 
results, which I have just indicated, together with the concept of organic growth which we think is important 
as a vision of where do we go from here, will be available in a book entitled Mankind at the Turning Point. 

MOISEEV : Maintenant je donne la parole a M, Chenery. 

CHENERY : I am not prepared for any extensive comment, but I will give a brief summary of the models 
that have been discussed. The World Bank model is the only one which has been designed for specific 
operating decisions in a short time-frame. Our problem was essentially: What is the minimum amount of 
modeling needed in order to analyze the current oil-raw materials crisis, and the role of aid in that? I 
think we started from the other end than the two that have been described, essentially faking models of 
the developing countries and linking them to models of the advanced countries, in a minimal way. We do 
not try to explain everything that is happening but rather to identify the most important linkages between 
the developing countries, the oil countries, and the advanced countries of Europe. I think rather than 
describe the structure of the model, perhaps two or three examples of the kind of conclusions which are 
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not obvious may be of interest. I personally think that some of the approaches to modeling which start 
with a ver>’ general formulation make the crisis seem unnecessarily complex or unnecessarily connected, so 
that we tend to think that each crisis reacts on the other. On the other hand, in this particular one, I am 
afraid that there are at least three interactions which have to be taken into account. If we take India — 
which Mr. Mesarovic was just talking about — as the locus classiciis of the problem, first, the price of oil 
goes up, as it has, by four times, the impact on India’s balance of payments is an increased cost of $800 
million in the first year and then it goes up and competes with food and fertilizers. Without relaxing any 
of the constraints on the problem, the supply of fertilizers is then inadequate to produce food, so that food 
production is actually reduced because of the necessity of paying for oil. Our model essentially traces this 
kind of interaction through the balance of payments of all major countries, and tries to identify the kinds 
of things the world can do about it. I think the most simple and obvious result is not that the price of oil 
should come down, which 1 think is unlikely, but rather that the countries that are benefiting from the 
oil profits should in some way favor the poor countries, which is not happening to any large extent. So I 
would say that the contribution of models of the form that we have developed shows the possibilities of a 
combination of policies in which everybody benefits and the losers are compensated somewhat in the 
classical way. The amount required to compensate the losers by the people who are gaining is rather small. 
It could easily be lost in a global model but unfortunately it affects something like one billion people, 
although it is only several billion dollars out of an increase of oil revenues of 80 to 100 billion dollars. 
But the focus on the alternative ways probably is the main contribution which this particular exercise 
brought out. 

MOISEEV : Et maintenant jc vais donner la parole a moi-mcme. Jc nc veux pas repdter les principes sur 
Icsqucls notre travail cst base. Ccci sera public. Jc vais done livrer brievement certains commentaires 
sur notre travail, ct sur scs buts. Jc pense que la complexite dc problemes que nous confronton 
cst la cause principalc dc nos decisions d’accord, sur Ic point que Ic developpement et I’application 
des methodcs d’dtudcs modemes basics sur les procedures homme-machine sont absolument neces- 
saires. Je dirai mcme plus. II n’cxistc pas d’aufre alternative pour I’etude de problemes interdisciplinaires 
d’unc ccrtainc complexitd. Lc point sur IcqucI certains d’entre nous different concernc les methodes selon 
lesqucllcs Ics modelcs doivent clre construits, lc role de certains processus ccologiques, sociaux, etc. II nous 
scmbic qu’aujourd’hui, a dpoque actuclle, il faut concentrer nos efforts, non pas sur la formulation 
rapidc dc quelqucs recommandations pratiques, mais sur la realisation d’un certain programme d’ordre 
scientifique. La possibilitd, dans les annccs qui vont suivre, d’une dissemination prdmaturee des conclusions 
superficielles, assocides avee des mdthodes, reprdsente un tres grand danger pour la rdputation de la science 
dans cc domainc. Un tel programme scientifique doit incorporer non sculement des modeles de la bio- 
sphere, des balances thermiques dc la planctc, etc., mais aussi les processus qui ont lieu dans la sphere 
dconomique. Malheurcuscment, il faut reconnaitre que Ics mdthodes de la science dconomique traditionnelle 
ne nous fournissent pas tous Ics didments qui sont ndeessaires a la construction d’un tel systeme de modeles, 
e’est-a-dire d’un systdme des modelcs qui permettrait dventuellement d’arriver a des conclusions pratiques 
a Tdchclle mondialc. Ccs eludes doivent etre lides aux expdrienccs qui ont ddja cu lieu, comme par exemple 
Cellisdc Forrester ct Mesarovic. Jc pense qu’un tel programme doit servir de base pour les activitds futures de 
notre groupe dc Paris, qui cst nd d’unc fa?on naturellc dans le cadre des travaux de notre confdrence. C’est 
grace aux efforts dc Monsieur Marois ct de ses collcgues que cetic association non formelle d’hommes de 
sciences est venue en vie. Il n’est pas possible, a I’ctape actuelle, de spdeifier les ddtails d’un tel programme 
scientifique. Mais je suis cnticrcment persuadd sur deux de ses aspects. Tout d’abord, les recherches doivent 
avoir lieu dans les universitds, les centres acaddmiques qui existent aujourd’hui. Mais, deuxiemement, ces 
travaux doivent etre unifids dans unc ccrtainc mesurc par une infrastructure technique qui permettrait 
I’analyse et la comparaison des modelcs des diffdrents types, de leur principe de construction et de leur 
base algorithmique ainsi que dc a base deurs donndcs. Ceci permettrait un dchange utile de nouvelles 
iddes, des rdsultats de recherches scientifiques et de leur vdrification. Toutes ces activitds nous permettront 
d’approchcr plus rapidement du jour oil les mdthodes basdes sur les systemes homme-machine fourniront une 
base scientifique solide pour les ddeisions Internationales dans le domaine de I’environnement. 

KALMAN : My views would be best explained in interaction with questions. Therefore, at this point I 
would like to be very, very brief. Let me begin with an irreverent phrase: my personal interests (as far as 
this conference is concerned) may be characterized by saying that I am student of the “modeling of model- 
ing”. Purely intuitive modeling activities of the type that Professor Forrester was alluding to are undoubtedly 
quite useful as a mental crutch for organizing large amounts of soft data. While a crutch is useful to those 
who cannot walk, if you can walk, then generally you can go a lot further. Some particulars. Organized 
science, such as physics or biology, make their essential contributions by letting us go beyond what might 
be called naive intuitive reasoning and raising our intuition onto a higher level where we can think in 
terms of new concepts. Thus the really important question from the scientific point of view (as far as modeling 
is concerned), is how to increase the power of the methodology of modeling. It is not enough to base modeling 
on currently available scientific facts (for example, using Newton’s equations for modeling a mechanical 
system or using the current sociological data in modeling an urban system). If we wish to progress beyond 
naive modeling and want to develop a more scientific methodology, then we must have better insight into 
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the so-called “system” aspect of modeling. The really essential questions are those concerning the SYSTEM 
as a whole. Laws (p those of physics) are important also, but their knowledge does not immediately provide 
us with a deeper view of all their consequences. For example, in physics, even though the laws are supposed 
to “govern” and “explain” the behavior of molecules, we have not yet succeeded in deducing this behavior 
from the laws of quantum mechanics. (The remaining difficulties in this case are probably of a system- 
theoretic type.) So, in summary, let me say that I view modeling as part of an emerging reorganization of 
science, which clusters around the concept of an ideal (not necessarily physical) system. The various dis- 
cussions we have heard here abundantly illustrate the fact that problems related to systems arc beginning to 
assume a rather uncomfortably great importance. One of my well-known fuzzifylng colleagues (who is 
alas not here), would have called attention to the fact that today is a Friday and, at the same time, the 13th. 
Under these circumstances it is necessary to be a little optimistic. Let me generate some optimism by saying 
that quite a bit of progress can be made, and certainly will be made, in the future to increase the power 
of modeling as a scientific method. And in the near future, modeling will cease to be merely the mental 
crutch that I referred to at the beginning, and it will be gradually replaced by sharper, more mathematically 
oriented conceptualization. 

MOISEEV : Je pense que toutes les questions seront poshes ^ la fin de la discussion — si nous avons le 
temps puisqu’il est dair que ce n’est pas aujourd’hui que nous allons finir mais plutot cette semainc. Je 
donne la parole k Monsieur Churchman. 

CHURCHMAN : I think I might begin by saying that as I interpreted the assignment given to our group 
it was to try to address the question of whether model building, and especially world model building, is a 
good idea as far as a plan of action for humanity is concerned. I would interpret that question in the following 
terms. I think we were asked whether model building serves a useful purpose. As I see it, model building is 
really an instrument that we can use or not use. In this regard I differ from J. Forrester. It does seem to me 
that he is right if what we are saying is that we should make our decisions on the basis of our thinking 
function. But a lot of our decisions are not based on thinking at all. They are based on feeling, or intuition, 
to use Karl Jung’s distinctions between mental functime. Neither feeling nor intuition apparently work 
along the lines that model building does. I think we have a choice as to whether or not in a plan for action 
for humanity we want to base it essentially on the thinking function. If we do, then it seems to me very 
important to raise the question which has cropped up off and on in this conference, namely what the goal 
is that is supposed to be served by this instrument, which is the ethical issue. It was raised by Erick Jantsch 
in the very first session, where he was rather incredibly corrected because of his suggestion that we might 
go beyond efficiency and productivity. It seems to me to be pretty obvious that from any ethical point of 
view we have to go beyond efficiency and productivity. There are lots of things we do in this world that are 
ethically bad, but we do them efficiently and with a good deal of productivity. For example, the productivity 
of crime — which seems to be pretty efficiently done — is hardly justified in terms of ethical criteria. Yesterday, 
Rend Dubos suggested that we might go beyond energy growth as an ethical criterion, but then the gentleman 
from one of the developing countries rather neatly suggested that perhaps developed countries are not 
really developed. I think he said that they are overdeveloped. All of those I think are occasions where we 
raised ethical issues. I do not see how we can possibly consider the problem of world modeling without 
asking ourselves what it is humanity is trying to do or should be trying to do. Once that is settled, we can 
begin to ask whether this particular instrument for humanity’s objectives called modeling is an appropriate 
one. I realize that a lot of discussion of this conference has been based on the assumption of crisis. If we 
were a military group, e.g. a Joint Chiefs of Staff trying to decide how to run a war, then we might not 
raise the ethical question; we would have assumed it had already been answered. But I do not think we 
are. We are scientists and for us the ethical issue must be the central one. Beyond that arc questions whether 
these particular instruments like world model building are appropriate. I do not think the ethical issue is a 
vague question. We arc here at the instigation of the Institut de la Vic. There is a great tradition of those 
who have concerned themselves with life in their contribution to ethical theory. Aristotle began it in the 
West and it has been continued down through the ages. A great deal of knowledge about what we ought 
to do compared to what we ought not to do can be gained from the knowledge of what we are like as living 
beings: again referring to Rend Dubos, this is what he was saying in effect: That many guidelines for human 
action and planning can be found in what we know about ourselves as a living species. I think we really 
have to go beyond biology in this regard because biology has often taken life in a narrower sense. But the 
Institute is called the Institute of Life and not of Biology, which I think is rather an astute naming strategy 
on their part because life consists not only of what occurs in biology but also what occurs in psychology, 
sociology, and in general in the notion of what we arc like as a social and psychological living being as 
well as what we arc like organically. So I think it is very appropriate that a question of ethics be raised in 
a conference of this kind, as a sensible one for further study, maybe for further conferences, so that we can 
come more clearly to grips with what it is that we as thinking types want to contribute to this thing called 
A Plan for Human Action. I do not sec how we can have a plan for human action without developing 
some fairly concrete and specific ethical guidelines. 

SHUBIK: I have several somewhat disjointed remarks. The first is that when one begins to take oneself 
too seriously a comparison with other alternatives is often a helpful way of getting back on the track. 
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In particular, as I was listening to the debate over the last few days over different sorts of models and dif- 
ferent sorts of problems, I was reminded that Dean Swift once wrote a little pamphlet on A Modest Proposal 
for the Solution to the Population Problem of Ireland. His suggestion was the eating of babies, which you 
will observe both takes care of the meat supply and population control. I point out that this connects 
directly with some of the comments of Professor Churchman. 

The group of us in our session were not in total agreement and I would like to touch on some of the 
differences. Concerning the observations of Professor Forrester, I personally believe that it is useful to 
think that all individuals operate on models. However, models of the mind and computer models are some- 
what harder to connect than one might initially feel. I am reminded of my old friend. Professor McCollough, 
who when writing on this particular problem began his book with the quotation: “Tell me where is fancy 
bred / dr in the heart or in the head?” I find that a DYNAMO model of a description of the role of fancy 
in human affairs \vould be verging on the ludicrous. I am perfectly delighted to be convinced otherwise, 
but it has been my painful observation that items such as really describing the appropriate metric or ob- 
taining the appropriate dimensional description of variables that are used in common speech pose by no 
means a trivial problem. The reason why is the complexity of the human as a data processing and a coding- 
decoding device. The analogies we can make between him or her and the computer at this present moment 
are primitive. There is a fundamental problem in modeling concerning the use of different simulation 
languages. The simulation languages portray different conceptual views of the world. We are only beginning 
to know how to take these models of the mind and transfer them into policy models or computer models. 
I happen to be in complete agreement with Professor Forrester that it is terribly important that we try; 
it is important that we see what we can do. But it is one thing to invoke the desirability of doing something 
and it is another thing to have the ability to do it. 

Now, turning for a moment to Professor Mesarovic, I note that programs are not processes and processes 
are not institutions. There is a large confusion in the concept of optimality and feasibility. Personally, I 
could in an aside argue that optimality is almost always not well-defined in most models we deal with. To 
talk about whether you should be striving for optimality or you should not be striving for optimality is to 
miss the point that you frequently do not even have a definition of optimality. 

Economists love to talk about optimality. Yet frequently they fail to define the strategy spaces of in- 
dividual behavior. If we look carefully at the definition of the domain of strategies for the individual, many 
optimal outcomes are not feasible. I am not merely suggesting this as an essay or lecture in economic theory. 
I am suggesting that although we can sit and generate plans from now until eternity, the unanswered question 
is : Can we translate the plans into implementation procedures ? The other question is : Do the institutions exist 
which will be the carriers of process for these procedures. In general, my observation is that the answer is no. 

Now, turning to something else, I do not wish — to use an American word — to be too curmudgeonly — 
(the translators might as well know that the translation into French of “curmudgeon” is “curmudgeon”). 
However, the point that I would like to make concerning what we heard from Professor Mesarovic is that 
I do not believe — at least personally — that I need a large scale computer model to tell me that world food 
problems are interconnected and that they go across national boundaries. I believe that most of the things 
that Professor Mesarovic was suggesting as important conclusions from his models were put into the models. 
Furthermore, not only were they put into the models, you did not even need the model to put them in. 
At this level good models of the mind are probably better and more flexible. Even though they are not as 
explicit, they may pick up more variables that are relevant than the models that are written out as computer 
programs. 

I have made several pessimistic remarks. I wish to end with a few not-so-pessimistic remarks. First, in 
summary, I suggest that large scale world model building has so far been more hortatory and educational 
and a source of attracting attention than it has been a source of additions to the bank of applicable know- 
ledge. There have been many conferences and many organizations, not merely the Institut de la Vie — the 
various academies of science, the Commission for the Year 2000, the Club of Rome, and other groups — 
have been interested in trying to bring some of these problems into the open for broad discussion. I think 
they have all helped in trying to call attention to a group of important problems. 

On the more optimistic end of things, I note that although it has not been discussed in this meeting, the 
technological improvements in data processing and in computational ability have been absolutely enormous 
in the last 10 to 20 years. This includes improvements in computers, improvements in languages, improve- 
ments in time sharing, improvements in input-output devices, and improvements in data bank storage 
devices. You cannot ignore the cumulative effect of this enormous increase in information technology. 
Not only that. There has also been, I believe, a substantial improvement in theory concerning information 
handling and, for that matter, in basic economic theory, political science, in psychology, and in general 
in the behavioral sciences. They may not have got very far, but in comparison to where they were 30 years 
ago it is a completely different game. Having said that, it seems to me that regardless of whether we want 
to discuss our particular feelings about specific models at this moment, the preconditions for serious ad- 
vances in large scale model building are already here. 

Many of the technological preconditions have already been fulfilled. What do I personally believe remains ? 
I believe that there is a two-pronged assault needed. One prong of the assault we have already discussed. 
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I use the word “propaganda” because I do not necessarily believe that it always has to be interpreted pejor- 
atively. If you wish, we can call it public concern, or attention-getting, or call it softening up the funding 
sources. I do not care what we call it, but I think it is terribly important that the popularization and the 
attention-getting process go on. There is, however, a danger that if we try to present some particular model 
as a means for solving world problems, we will get attention, but we will alienate people once they perceive 
a failure to fulfil promises. We want to avoid this, but we want to continue the educational procedure. 

The next step I believe involves institution building and the development of planning procedures. A plan 
is a piece of paper in the present. A planning procedure is a coding program to go into the future. An in- 
stitution is the carrier of that particular process into the future. Our problem is: Do we have institutions 
that are viable and available for the carrying out of the programs we deem to be necessary? This, I think 
would require a lengthy discussion of the current institutions. I have some ideas myself, but I want to 
suggest to you that the problem is not world models, or world modeling. The problem is institutions to 
carry out types of change that may not have been necessary or may not have called for these machines of 
change 20, 30, or 40 years ago. 

JENSEN: I always teach my students to work with reality and tell them that this nasty boy, i.e. reality, 
always spoils our good theories. The nasty boy was not in our room for the modeling sessions. None of the 
other groups had beforehand asked us questions. Therefore we were completely free with respect to choice 
of subjects. The specialists in the medical world are forced together around the sick man. They have to 
face reality here and now. We were not in that situation as we had no sick man to assemble around. In 
consequence, everybody delivered papers answering their own questions. 

During the last two days we have learned that it was, maybe, the wrong questions, so our answers are, 
maybe, not really interesting for you. When next we meet I hope it will be as groups of interdisciplinary 
teams. Then we might be useful with respect to helping the economist to cut down his extension of un- 
certainty, to helping the energy people to make more realistic forecasts for decisions with a little more 
connection with institutional factors and their change over time, to giving the ecologist, by combining his 
findings with the decision structure, more force to present his findings in a more acceptable way to the 
bureaucrats and politicians. 

And having been through that process we can discuss the possibility for construction of world models. 
Nobody has said that the big experiment outside our doors — the real world running in real time — is not 
able to find its solutions to the difficult problems of the future without the help of the participants in this 
conference. But it might be at the cost of a lot of dying people and a lot of losses of quality of life. 

MATSUDA: One of the practical purposes of introducing scientific thinking in human life is to avoid 
experimenting with mankind himself or with the earth itself. Such “realistic” experimentation has often 
proven to be very costly to mankind and it is going to be increasingly more costly in the future. We simply 
cannot afford to continue in this way experimenting with ourselves and with our own planet. Experimental 
sciences enable us to “experience”, so to speak, error or failure in a much quicker and less costly way. 
By sifting out such errors and failures, experimental sciences verify, establish and accumulate scientific laws 
which can safely, at least until refuted, be applied to a normative purpose in the real life. Global modeling 
is in its essence an experimentation, although with more of a logical rather than physical nature, and there- 
fore the spirit of experimental sciences should once more be recalled. Namely, it is to “artificially” accumu- 
late experiences. In this spirit, we should be exerting ourselves with more and more modeling. efforts. 

It goes without saying that global modeling requires global mind. Hpwever, actual decisions or actions 
can be taken only at the specific local units. Thus, unless a model is built in such a way as to identify the 
specific local decision- or action-unit, it will not lead to any concrete action which can contribute to man- 
kind. Therefore, what I should like to see in the future global modeling is the identification of the practical 
decision- or action-units which could be incorporated into the institutionalized planning procedures at the 
level where the real-life decisions or actions could be carried out. Of course this might force us to get down 
to the national level and vastly complicate the modeling effort. But, if a decision or an action is not in- 
stitutionally identified and consequently cannot be materialized, why a model? 

A powerful way of linking global mind with local actions is provided by systems thinking. Systems 
thinking enables us to evaluate local actions in terms of their global consequences. Such local actions are 
mutually interacting. But this very interaction creates a characteristic mechanism, so to speak, which 
provides the medium for tracing out the propagation of effects of each local action, or each combination 
(portfolio) of local actions, through the system. Thus, the global implications of local action(s) can be 
identified. Conversely, effects of any global effort could be traced through this medium and evaluated in 
terms of their repercussions upon each local action-unit. 

In view of this possibility provided by systems thinking, the second thing I should like to see in the future 
global modeling is the assessment of “portfolios of local decisions or actions in the global terms”. So far, 
the discussions around the global models have tended to be piecemeal; namely one problem dimension is 
discussed at a time. Thus, energy is the problem at one time, and the mineral resources at another. Such 
piecemeal approach may give some clue to the solution, most likely to be of a type of patchwork one after 
another but can be dangerous in that the solution in one dimension, say energy, may create a serious, 
irreversible effect in another dimension, say ecology. In contrast, the portfolio approach could predict the 
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possible interactions among the decisional or actional dimensions and therefore enable us to envisage some 
preventive or compensatory actions in advance. 

The third thing I should like to see in the future global modeling is more participation of the social, 
behavioral and political scientists. This is necessary in all the aspects of global modeling, in order to take 
full advantage of the achievements in the social, behavioral and political sciences, which I believe are rapidly 
being accumulated and made available to us. Furthermore, it is especially important in scrutinizing the 
regional or national value systems which must be taken into account in the future global models. In my 
mind there is nothing like a “global” satisfaction or dissatisfaction. The only satisfaction or dissatisfaction 
which is conceivable is at the regional or national level. We deadly need better understanding of the local 
value system in association with each local decision -or action-unit, whose role in global modeling in the 
future I have already emphasized upon. And here the social, behavioral and political scientists could make 
a vital contribution. The future global modeling would require a truly interdisciplinary team. 

MOISEEV; Je voudrais observer. Messieurs, qu’il y a encore beaucoup de personnes qui sont insorites 
dans cette liste, et peut-etre en a-t-il encore d’autres. Je vous demande done de tacher de minimiser la dur^e 
de VOS remarques. Je sais que e’est une grande demande, parce que nous voulons avoir le temps de discuter. 
Je donne la parole a Monsieur Harmann. 

HARMANN: I would like to make one point with regard to models. I hope it won’t sound as a negative 
point; I think we can appreciate what models can do potentially in illuminating our thinking. The point 
I want to make is that they may also constrain our thinking. The history of science has many examples of 
models, or systems of thought, that turn out in retrospect to have had limitations. It is rather well known, 
for example, that the input-output models of the economists tend to de-emphasize some of the substitution 
possibilities. It seems to me that in this room we have heard two types of views expressed, if I can over- 
simplify. One is, that although the world has many problems, technology — combined with the natural 
working of the pricing system — has handled such problems in the past and is best left alone, because when 
we meddle with these mechanisms we tend to make things worse. The contrasting view is that the future 
is somehow very different from the past; that the problems that we face are essentially the consequence of 
our technological successes, the consequences of our cleverness and cheap energy; that they will not be 
resolved by the same approaches; that in the future we have a new kind of scarcity — scarcities of energy, 
of materials, of water, of land, of the waste-absorbing capability of the environment, of the resilience of 
life-support systems— and that this is, as we say in my country, a whole new ballgame. But the two per- 
spectives are essentially very different. Uncertainty has been stressed here, and I think that we have to say 
honestly that we cannot at this point determine which of these two viewpoints is correct. In this situation 
of uncertainty, the way to play safe is to have alternative models, alternative ways of viewing things, alter- 
native plans of action perhaps. I should just like to emphasize the dilemma that appears in this second 
view, because I think it is essential to our deliberations this afternoon as well as our concern with models 
this morning. Energy is very basic to many of the problem situations, as we heard. The United States is in 
a position where it cannot afford to go on expending energy at the rate at which it has. It cannot afford 
to meet the projected energy demand curve — partly because of environmental impact, partly because of the 
capital requirements to produce the energy, partly because of the inability to make payments for foreign 
oil. On the other hand, the United States cannot afford not to meet the projected energy demands, and the 
reason is very simple. GNP growth is directly tied to energy growth, and the input-output model emphasizes 
this. GNP growth is directly tied to employment, and we deeply fear the unemployment that would come 
if we did not spend this energy. To expand this, to make this dilemma a little more broad, think of two 
clusters of problems that face the advanced world. One cluster would be aided if somehow we could cut 
back on energy use. This is the cluster that has to do with the problems of energy supply, the way energy 
use impacts on the environment, the various kinds of material shortages, pollution problems, and related 
problems. The second cluster, quite in contrast, would be aided if we could somehow expend more energy 
and use more fossil fuels to produce more fertilizer and more pesticides. These are the problems that relate 
to unemployment, to the gap between the rich and poor countries and the world food problem. Just in 
passing, we have heard that if we had unlimited nuclear power, that would solve some of our dilemmas. 
But can you see the contrasting nature of these two problem clusters? It becomes clear that if we had nuclear 
power available tomorrow, cheap and in unlimited supply, we would still essentially have the same two 
clusters of problems with slightly different emphasis. Population is involved here, but population itself is a 
result of a technological intervention in the world. So that the dilemma is an extremely basic one; it has to 
do with the incentive structure of the whole industrial system which we have set up. It is essentially a systemic 
dilemma. The various specific problems that we have heard mentioned here are manifestations of that 
systemic dilemma. Bear in mind I am only trying to describe one or two views and I am not claiming that 
it is a view everyone must hold. But if it is plausible at all, then we have to be sure that somehow we keep 
open the alternative perceptions to include it as a possibility. This second view would view the whole in- 
dustrial era as a jump from the low technology kind of society to some sort of high technology equilibrium 
society. Some kind of frugal society would appear to be a necessity, a society that does not center around 
productivity and efficiency as its highest goals. Yet to achieve such a society would require a systemic 
change of magnitudes that we do not know how to achieve smoothly. I have taken your time to elaborate 
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on this a little bit because I think it is terribly important for us to realize that we are not talking about 
some academic quibble about whether one model or another is more suitable. Rather, we are talking about 
differences in perceptions which are so vast that the whole way we go about devising a plan of action for 
mankind is going to be affected by the way in which we perceive the fundamental nature of our problem. 
In our discussions this afternoon, then, I would hope that we might somehow incorporate alternative 
interpretations of the present world situation and deal with the crucial question of how, if indeed we need 
to achieve a frugal society, we can go about that systemic change without a collapse of the present system 
as we know it. 

MOISEEV: Je donne la parole a Monsieur Benard. 

BENARD: L’enthousiasme pour la modelisation et les grands systemes reconforte et en meme temps 
inquiete un peu I’economiste que je suis. Non pas que I’economiste ignore ou rejette la modelisation. Bien 
au contraire, comme on I’a rappele, I’economie a 6te la premiere dans les sciences humaines a elaborer des 
modeles, les uns purement theoriques, les autres numeriques, et aussi, a etd la premiere a appliquer certains 
d’entre eux. On a parle du 18eme siecle. Je rappelerai le Tableau economique de Quesnay et des Physiocrates. 
Mais, plus pres de nous, au 20eme sitele, la socidte d’Econometrie a ete creee a la fin des annees 20. Le 
Professeur Tinbergen, I’un des notres, et des plus eminents, a ete I’un des premiers a elaborer des modeles 
econometriques. Le nom de Leontieff est bien connu, et j’en passe. Cependant, plutot que faire de I’histoire, 
je voudrais essayer d’ecarter quelques-uns des malentendus qui peuvent se glisser entre nous, et ceci en vue 
de ddvelopper une collaboration entre les difierents specialistes et, parmi eux, bien sur, les economistes, 
pour construire ces modeles plus generaux, ces systemes dont nous sentons tous la necessite. Or, entre les 
mod^es economiques tels qu’ils existent, tels qu’ils se sont developpes, notamment au cours des demieres 
decennies, et les embryons ou les projets, ou deja les realisations de grands systemes, interdisciplinaires, il 
y a, certes, des differences mais aussi des convergences et meme des identites de structure. 

Tout d’abord, un modele economique peut avoir les memes caracteristigues structurelles que n’importe 
quel autre. II se caracterise par un ensemble de relations cohfirentes de variable les unes exogenes, les autres 
endogenes et de parametres. II peut etre statique ou dynamique, certain ou aleatoire, admettre ou non une 
optimisation, etc. 

II est done completement erronn^ d’assimiler comme certains ont tendance a le faire: modele economique 
a modele statique et modMe societal a modele dynamique, ou encore de rejeter I’optimisation hors de I’analyse 
de systeme, I’optimisation n’^tant en definitive que la recherche d’un extremum sous contraintes. 

En second lieu, si comme je le comprends, I’analyse de systemes revient a interconnecter de fa?on co- 
h6rente des modMes (ou sous-modeles) specialises chacun dans un domaine (technologique, dconomique, 
sociopolitique) ou dans un type de probleme (pollution, distribution des revenus, exploitation des ressources 
naturelles) tous les scientifiques, et les economistes les premiers, ne peuvent qu’y etre favorables. Car la 
construction d’un “systeme” revient alors a rendre endogenes pour le systeme certaines des variables ou 
parametres qui sont exogenes pour les sous-modeles constituant le systeme, et, par suite, k introduire des 
retroactions (“feedbacks”) entre ces sous-modeles. J’ai pour ma part, essaye d’en donner un example, bien 
que limite, dans mon propre rapport au congres, intitul6 “The proper measurement of economic welfare”. 
Ainsi se trouve genSralisee la notion meme de modele. 

Toutefois pour que nous puissions sortir des constructions purement conceptuelles et passer au stade 
operatoire, une condition essentielle doit etre remplie. C’est que nous disposions des observations 
numeriques, en general statistiques, jjermettant de verifier empiriquement les formalisations thdoriques 
avanc&s, ou, plus exactement, d’dcarter celles qui sont refutees par I’observation. Regie qui en implique 
immddiatement deux autres: premiCTement n’introduire dans la structure systemique que des relations 
ou logiquement evidentes ou empiriquement refutables; secondement rassembler le materiel statistique 
indispensable k ce travail de verification-refutation. 

C’est pourquoi j’estime, contrairement a ce que j’ai cru entendre soutenir ici, que I’analyse systemique 
ne dispense pas du tout, bien au contraire, du recours a I’iconometrie, a la sociometrie, bref k toutes les 
disciplines qui s’efforcent de verifier des relations sociales a partir d’observations statistiques. Dans les 
sciences humaines, oil le plus souvent I’exp^rimentation de laboratoire est impossible, ce type de verification, 
dont les mdthodes ne doivent pas etre fig&s, est notre seul recours. 

La grande difilculte vient de ce que dans les domaines sociaux, autres qu’dconomique, sociologique, polito- 
logique par example, le materiel statistique est beaucoup moins abondant et liable; de sorte que I’un des soucis 
primordiaux des partisans de I’analyse de systeme devrait erte, me semble-t-il, de reclamer des enquetes 
statistiques en ces domaines. 

Je ne vois done pas au tout d’opposition mais, au contraire une tres forte complementarite entre analyse 
de systemes et 6conom6trie (ou sociometrie etc . . .) a condition, bien sur, que les echanges nicessaires se 
devcloppent entre ces disciplines. 

Voila, Monsieur le President, mes chers collegues, ce que je voulais dire dans un souci, encore une fois, 
d’dcarter des malentendus et de faciliter la collaboration que je souhaite et crois fructueuse entre nous tous. 
Mere! Monsieur le President. 

PIORE: I should like to make a very pedestrian observation, nothing very profound. As one moves in 
creating an international institute that would pull together all these model builders or world global model 
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buUders, it becomes very important that the academic community document its work. I do not know how 
to stress it. One of the difficulties in this area, one of the diflBculties in engaging in debate, is that one lacks 
documentation. Let me try to give you an example of the computer industry. Much of the money spent on 
programming is spent on documentation, quite apart from writing the program. In the academic tradition, 
one does not document it. I guess it starts with the physicists. The physicist does not document how his 
laboratory is wired; he knows it. He wired it himself. He knows where everything is, where things will go 
wrong. In this area, these wires are the things that really make it operate. Also, in a sense, they tell you what 
your assumptions are, etc. That means that someone has got to take the time and write this down. I am 
talking from experience. This is true of research laboratories in industry as well as research labs in academia. 
So as we move into an international institute, whether in France or England (depending on the govern- 
mental decisions), let us get our house in order. 

DALKEY: In the short time that we had to discuss some of the potentialities for models, looking at 
courses of action for mankind, it was impossible to cover all the areas of modeling technology that exist. 
I should like just to comment on one which we did not have a chance to discuss, but interestingly enough 
was brought up by inference by some of the comments made by the speakers at the table. First, I should 
like to emphasize a comment that was made by Professor Forrester. The fact that we cannot get away from 
using models is both true and extremely important. But also the comment made by Professors Churchman 
and Shubik that the models we have in our mind are very different from the kinds of models that are normally 
represented in a computer, is also true and has to be taken into account. There is one other aspect about 
these models we have in our minds that is equally important and that is that they are all very different for 
different people. There is an enormous diversity in the ways of looking at the world that we all carry around 
with us. That poses a very serious problem as to what to do if you are going to use the wisdom of various 
people in order to model the world. There are roughly two ways to approach that. One is to have one 
creative person formulate his model — perhaps with the help of other people — and he can even use these 
other people to furnish intuitive inputs to his model. I assume that one could refer to Professor Forrester 
as one of those creative people. That is one of the ways that you can arrive at the utilization of some of the 
perceptions of diSerent people. There is a quite different route that you can take. That is, you can form 
something that might be called a collective model. The techniques for getting collective judgment on in- 
dividual questions are beginning to be fairly well formulated. Elementary techniques of that sort have been 
given the nickname “Delphi”. Techniques for formulating collective models are a good deal more primitive. 
However there are such techniques being examined. Among them, for example, are some of the dimension 
reduction techniques such as factor analysis, cluster analysis, or multidimensional scaling. These are ways 
of taking long lists of suggested factors on the part of different members of a group and collapsing those 
very long lists into shorter, more manageable, more coherent lists. In that way you can take the perceptions 
of many different people and get all of those perceptions into a single model. As I say, all of this is very 
elementary at the moment, but suggests the possibility that the development of technology for creating 
collective models is a researchable subject and is one that is under progress. 

MOISEEV : Je donne la parole a Mr. Cloud. 

CLOUD: I should like to address my remarks to the limitations of global system modeling which is 
one of the subjects under discussion this morning, and to reinforce some of the things that were said so 
eloquently by Mr. Jantsch and others in this audience. My remarks are more general and perhaps express 
the sentiments of others at this — at least I hope so. I will try to articulate them because I am afraid they 
may fall between the cracks of the special discussions of the various groups. I would like to propose two 
statements of view here that I hope might find support among the group as a whole. 

I — ^We recognize that earth’s resources, although large, are finite and that certain constrains are un- 
avoidable. Larger populations than ever before are consuming larger quantities than ever before at faster 
rates than ever before. To traditional fiscal costs of production must be added environmental and social 
costs. We must be aware of the permanent conversion from free to bound energy according to the second 
law of thermodynamics. We have recently emerged from a period of declining costs, while the high-grade 
ores of virgin continents were being consumed, soils degraded, and environmental and social costs exter- 
nalized. Now the world faces a prospect of rising costs in all terms and the placing of great strains on its 
ability to feed people adequately and provide resources for high technology societies. Added to this is a 
pressing need to move vigorously toward equity among peoples, nations, and generations. To concentrate 
only on the most central issues, two main barriers thwart the attainment of equity and the achievement of 
a sustainable balance between man and his resources. First is the high per capita consumption and waste 
of affluent peoples and their general adherence to the concept that continued growth is a basic good in 
itself rather than one possible way of enhancing the human condition — good in some situations, but not 
for all. It is good, for instance, for a child to grow to adulthood, but excessive growth creates a monstrosity. 
Second, rates of reproduction beyond bare replacement, leading to increases in population that in the hi^ 
birth-rate countries nullify gains in production and technology that otherwise might improve the level of 
living. This applies to food and the provision of suitable shelter as well as to literacy, public health, and the 
generation of the finished materials that can make life easier. We therefore strongly recommend that it 
should be urged on all nations and peoples that: 
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(1) excessive consumption, inefficient use of materials, and waste should be reduced by whatever means 
are available and consistent with human dignity; 

(2) all populations now reproducing themselves at greater than bare replacement rates should seek to 
reduce their rates of population growth, aiming toward the attainment of bare replacement levels 
as soon as possible, again, using all means available and consistent with human dignity. 

11— Although we have not attempted here to go into the very central question of establishing and per- 
petuating world peace, we feel impelled to identify another great problem for the future of mankind. That 
is the development of the nuclear breeder reactor. Its results in the generation in large quantities of a sub- 
stance that is lethal in microgram quantities, and from small quantities of which homemade nuclear bombs 
can be made. We refer to plutonium 239. If man is so thirsty for energy as to seriously enter into such a 
Faustian bargain as the global production of breeder reactors, he is indeed in desperate straits. Although 
we recognize very serious problems of energy supply ahead, not only in the long range future but also in 
the next several decades, we do not believe the problem calls for such desperate measures. We further re- 
commend, therefore that: 

(1) the nations of the world discontinue further efforts to develop the breeder reactor or any other 
devices that use and generate any product approaching plutonium 239 in its potentialities for des- 
truction; 

(2) that instead, efforts be made to improve long range energy sources. 

OYAWOYE: I will be very brief, Mr. Chairman, I think the natural theme of the conference is such that 
I think that life and humanity ought to have been more emphasized. With that, I think it is not only im- 
portant at this conference that the ethical question should be raised and discussed but that it should in 
fact be emphasized. I should hope that at a future meeting of this type this will in fact take place and that 
there will be much better representation for people not only from developed and overdeveloped countries, 
but also from underdeveloped countries. I think there is a need to define at some point what constitutes 
excess in well being. I say this realizing that it is a very abstract thing and extremely difficult but I would 
hope that nationally, that is within a country, one ought to be able to describe at some stage what con- 
stitutes such excess, the input of energy and resources into which therefore constitute waste. I suppose 
this could also be done internationally between countries as within a nation between people. 

DATTA: We are at the end of our conference in which we have brought out a number of useful recom- 
mendations leading towards production of more energy, creation of more wealth, its growth and control, 
more equitable distribution of resources, and more advancement to meet the material needs of people and 
material progress. Emphasis has also been given to the plan for a better quality of life rather than for an 
ever-increasing quantitative growth, and rightly so. The time is quite appropriate for this intellectual 
gathering to pause and think — where these material achievements will lead humanity to? We should be 
able to forecast properly and give humanity definite directions for the future. To what extent should we 
go ahead with material progress ? And if we have to stop — ^where do we stop? If we aim at attaining “quality 
of life” wherein peace and happiness will prevail, is it, then, the mere achievement of material needs which 
can give us these? Certainly minimum basic needs in respect of food, housing, clothing, medical aid, and 
education are to be met. “Quality of life” cannot be attained by merely satisfying these basic needs. What 
else, then, is required ? If you look to the history of world since the days history is known, even the wealthiest, 
materially successful person died unhappy and without peace of mind. In the mind can be sown the seed 
of war, and again, it is in the mind alone the seed of peace can be sown. It is my conviction the mind has 
to be elevated to a certain higher state wherein peace and happiness are the objectives. We accept, then, 
the basic material need of life as means to an end. In Vedic concept and in its practice in India, it is possible 
to elevate the mind to higher and higher planes wherein it is no longer the mind which is active — it is some- 
thing beyond mind; at that elevated state it is possible to visualize the glimpses of real peace and happiness. 
Thus man can surpass the limitations of his body and go beyond his mind through his mind. At this elevated 
and exhalted state, he is in his divinity. Divinity resides in man; divinity is to be awakened in him by him- 
self; the outcome is divine love. Divine incarnate is with us. If the quality of life is the aim, and peace and 
happiness of man are the objectives, the training of mind, the elevation of mind to a higher superconscious 
state, the awakening divinity in man by himself must find place in the plan of actions for mankind. 

FRIEDMANN: I am a Chilean who has been working in Mexico since September 1972. For 10 years I 
worked in Chile in design and in the field as a civil engineer. Subsequently I studied operations research 
and economics in Berkeley and for another decade I have been trying to use this background on problems 
related with development. I mention all this so you may better interpret some of my biases as reflected in 
my comments. 

I should like to offer two recommendations for future work by LTnstitut de la Vie on the subject matter 
of the conference. First, on the nature of questions to be addressed, I should like to suggest that special 
emphasis be given to matters of equity. That is to say, that the analytical efforts focus on how on-going 
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processes and alternative actions under consideration might affect the less-developed countries and the 
deprived and marginal people within nations, such as workers in agriculture and extractive industries, 
women (who are so conspicuously absent from this conference), and those who are not yet bom. 

My second recommendation has to do with the process of implementation. I feel that efforts should be 
made to develop institutions which channel general public support and promote and facilitate broad par- 
ticipation by the mass of the population in the definition of objectives and identification of alternatives. 

Behind these recommendations there is a concept of development, of progress for humanity, in relation 
to which I would like to recall what M. Marois told us in his very enlightening and moving speech during 
the opening session of this conference: 

Mais la science n’est qu’un moyen. Inevitablement se pose le probleme des fins et la necessite de leur 
formulation claire: developpement de tout Thomme et de tous les hommes, style d’existence et qualite 
de la vie, modes de societe, classement des priorites, tension dynamique entre competition et com- 
munion, efficacitd et poesie, biens materiels et beatitudes . . . 

Est-il possible de substituer aux regulations paroxystiques par les crises, des regulations pacifiques, 
conscientes, grace a une apprehension des donnees objectives du probleme, en mobilisant les moyens 
de la science et le sentiment d’interdependance, de soiidarite, de communaute de destin? 

I am convinced that only by mobilizing the sentiments of interdependence, solidarity, and community of 
destiny, will we make real progress towards the building of humanity. These sentiments depend very much 
on the experience of progress. 

The main obstacle within the underdeveloped world stems from the view of limited good that prevails 
in those societies. Most people do not have experience with or at least have not become aware of the pos- 
sibility of progress and in particular are not fully aware of the importance of cooperation. They have seen 
too often that another person’s gain is their loss. They perceive all situations a zero-sum two-person games. 
With that experience it is not possible to implement actions that require cooperation and enhance sentiments 
of solidarity or a community of destiny. Something must be done to show that many opportunities exist for 
cooperation by which all participants will gain. The misery of large fractions of the population in the under- 
developed world make it imperative that as a first priority the worst forms of poverty be eliminated as a 
precondition for moving towards a world based on a feeling of community of destiny. Therefore, the 
problems to be addressed when designing a plan of action for humanity should stem from the realization 
that not enough food, sanitary facilities, etc., are available to ensure the development of children to their 
full potentials in Asia, Africa, or Latin America, and not from a concern with availability of beef in the 
United States or with scarcity of cheap fuel for the cars that pollute the large metropolii in the developed 
world. This requires an important shift in the focus of discussion on world problems. 

A further element in the concept of development I would like to stress is that for progress to take place 
one must enhance the ability of man and mankind to identify their own problems and to act effectively to 
solve them. This thought is behind my recommendation relating to the process of implementation of what- 
ever activities are pursued in order to achieve the objectives of this conference. Continuing efforts to explore 
the questions that have been raised and to implement the recommendations that are being made should be 
based on the broadest possible public support. This support must come not only, or mainly, from those 
who have political power but progressively more from groups that represent the full range of sectors in 
the world. The constituency for the kind of activities that prompted the Institut de la Vie to organize this 
conference should not only be the national governments but all organizations that represent the general 
public like the United Nations specialized agencies, world and regional development banks, groups of the 
business world, parliamentary associations, international associations of political parties, groups repre- 
senting concerned citizens, labor unions and professional associations, churches, etc. 

Although I believe that what I say is valid for all the activities relating to efforts for analyzing and finding 
solutions to the problems which obstruct the building of one world, I would like to illustrate my point 
with a particular reference to the design of global system models. In the session on design of global system 
models and their limitations, we had an excellent illustration of the fact that models are built for the pur- 
poses of the one who pays for them. Dr. Brewer reported his and Dr. Shubik’s analysis of different ex- 
periences with large system models. They told us that frequently models are not built to obtain an answer 
to a problem but to help the person or institution who paid for them in selling a solution which he has 
already chosen. 

I should not like to see something like that going on when dealing with global problems. If we are honest 
about our interest in building models that are capable of analyzing the problems of humanity, we should 
make every effort to broaden the sources of support for model building activities and communicate to the 
general public the result of the analysis. 

It is tempting — ^personally rewarding and expedient — ^to become the modem priests who pass the divine 
revealed wisdom from the computer tabernacle to the powerful in the land, but we should be fully aware 
that the way we respond to that temptation determines in an important measure if we shall live in a human- 
istic, open, democratic society or in a highly centralized beaurocratic system in which at worst Big Brother, 
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either left or right, wiU be always watching and giving us its double talk, and at best we shall be taken care 
of by enlightened despots. 

JANTSCH: I should like to make a brief statement on a point which is ofgreat concern tome. That is the 
impact of models or any kind of forecast on people before any question of the usability of structuring 
action comes into play. I can see that models or forecasts in general arouse or enhance feelings and attitudes 
in us which can be placed in a wide spectrum, the extremes of which are fear and hope. It is really fear and 
hope which motivate us in dealing with our future. I do not think that we should resolve this to either one 
side— to blind hope or to blind fear— but really recognize it as a creative tension which brings out our 
own creative responses. Hope goes very much, as I see it, with the recognition of mankind being a system 
which is alive, and that means a system which evolves. Evolution does not mean growth in quantitative 
terms and it does not mean a smooth transition. It means mutations. Evolution is a large scale quantum 
process and in the human domain it has always worked in such a way that cultures followed each other 
and that social systems moved to new dynamic regimes. Hope is in the recognition that there are new levels 
of dynamic regimes that mankind can mutate to. Fear, on the other hand, is linked to the lack of this belief 
and to the response which tries to stabilize what we have in hand. Almost all of the present formal planning 
is geared to stabilization. I would also say that the bulk of the efforts in world modeling is geared to a 
behavioristic outlook. A behavioristic outlook means the study of structures, the study of systems pressures 
in the presence of an entity, namely mankind, which behaves in certain predictable ways. I would call 
behavioristic models in themselves a very valuable device to study systems pressures, and in particular to 
study the interaction of systems pressures and to demonstrate that we have to deal with many factors 
simultaneously. But a behavioristic model is also a model of a Skinner box. A Skinner box is a rigid structure 
which is constructed in such a way that only certain processes in the behavioral spectrum of an animal 
come into play. So it elicits a certain behavior, a conditioned response. If we take behavioristic models 
seriously as a plan for action and base our policy decisions on it, we would have to construct a Skinner box 
for the world. This means that we have to have an elite— some Mr. Super-Skinner outside of our society— 
who constructs this box and makes sure we behave as expected from us. 

It is like a big jail. In the human domain a jail is a Skinner box. I should not like to live in a jail. I think 
we have to supplement these kinds of models with other models or with other kinds of thinking which bring 
into play more the lives in human systems. Life means also the possibility to mutate, to come to new value 
sets, to new kinds of ethics, to new kinds of paradigms in all our ways of thinking. Maybe experimentation 
plays a big role in furthering evolutionaiy processes. I think that planning has to become much more the 
furthering of the next mutation and not just the stabilization of what we have in hand. I do not say that 
stabilization is bad because it permits to act out energy. But once this energy has run down, we need a 
mutation to renew the dynamic level. I think that experimentation could help in that. I have been wondering 
for some time if Mao tse-Tung’s Cultural Revolution in China was not a very large scale experimentation. 

I do not know the purpose of it; I do not know whether It was considered a success by the initiators, but 
it seems to have been fairly well managed. Also it created quite a stir. Maybe this type of openness to the life 
processes which run through the human world is important to let processes define the structures which are 
to come and which again will permit us to act out energy in a focused way. But first, I think, we must have 
the belief that there is a new dynamic regime to which we can go and that the world as we know it, structured 
as it is, is not the only possibility. We cannot or even should not try to structure it in any dictatorial way. 
An 5 ^vay, I believe that if we try to freeze in an excessive way the present situation, the life forces in mankind 
will break through eventually — ^with a delay of 10, 20, or 30 years maybe — but then in a much more des- 
tructive way. 

LINDBECK: May I just give a comment to Mr. Shubik’s statement, which I basically agree with. If I 
understood him correctly, he said that more important than to build “world models” is to create institutions 
which can handle the problems we are confronted rvifh. I entirely agree that often we do not have institutions 
for solving new problems, but mainly institutions for solving previous problems. That is in the nature of 
things. However, I would like to emphasize another thing. More important than building “world models” 
is also to study the partial structural relations which are assumed to be known in these world models. A 
basic flaw in all these world models is, of course, that nobody has the information needed about the partial 
relations which make up the world model. And as we know, the quality of a model cannot be higher than 
the quality of the assumptions which are put into it. 

Perhaps we can talk about hvo different types of information here. One refers to the fact that those who 
have built the models have not used the best information that is available in various branches of the natural 
and social sciences. For instance, economists have pointed out that the constructors of “world models” 
have not used information from economics about adjustment processes, for instance related to changes in 
relative prices, which would also influence the continuous change in technology, etc. And the models do 
not include political adjustment processes either. 

A second point is that much of the information which should be needed for such models is not known to 
anybody. I think that the conclusion has to be that the emphasis in coming decades has to be not on the 
task of building such large models, but rather on the task of filling the “knowledge” gaps relating to the 
unknown partial relations. 
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Let me just end by saying that, as Bcnard pointed out, economists have for some 40 years tried to build 
quantitative econometric models of the economic system. This is, of course, a much smaller and much 
easier system than the systems people try to grasp by the “world models”. It is difficult to summarize the 
success of these attempts to build econometric models. But I am afraid we have to say that the models are 
still not very satisfactory — cither as forecasting devices or for analyzing the effects of policies. The best 
forecasts in many countries arc today not made by those large scale econometric models at all but by com- 
pletely different techniques such as questionnaires to businessmen and consumers about their plans. I 
would think that the main achievement of the econometric models is rather that they have had a feedback 
on economic theory. Economic theory has been changed when previous assumptions have proved wrong. 

If this is the experience of econometric models, which arc much simpler than “world models” — comprising 
social processes, environment, biology, etc. — it should be clear that the publication of “world models” has 
been a premature appUeation of rudimentary knowledge or rather perhaps of nonexisting knowledge. 

MOISEEV: Mcrci M. Lindbcck. II y a encore trois personnes qui ont demand^ la parole: M. Mamey, 
M. Duloy ct M. Rubin. 

MARNEY : As a member of the working session on systems modeling, I want first of all to express 
unrcscn'cd admiration for the presentation we have had from the panel. If they are taken as perfectly 
representative of our group, they will gain for us far more credit than we deserve. 

With perceptions somewhat sharpened by a much-needed cup of coffee, however, I begin to be more than 
a little perturbed by what I believe to be a certain over effectiveness in impact. By their forceful, individualist 
assertions they tend to present our work in rather sharply divergent modes of emphasis within systems 
modeling. While we, as a special interest group, prize these panelists precisely for their strengths in diversity, 
the general audience will hardly be able to resist the impression that such distinctive modes could not con- 
ceivably be connected in any coherent manner. Our considerations today lie toward potentialities as well as 
limitations; therefore, I wish to do what one can in a few moments to indicate at least some promising lines 
of connection. 

Let us begin with Professor Kalman. His appeal is that we construe systems modeling in the deepest 
sense as an extension of a venerable effort to increase the range of our rationality. He insists that we give 
first priority to an emphasis on modeling as a scientific activity marked by penetrating conceptions and 
theoretical rigor. No one could fail to respond to that appeal. But note that he tends to be disregardful of 
his best allies. In applying a perjorativc term like “crutch” to techniques so far attempted in immediately 
practical world systems modeling he is surely too sharp. Modeling of the range of the Forrester-based 
effort of Meadows ct al, of the Mcsarovic-Pcstel approach— and, worldwide, the variants of Kaya in 
Japan, Roberts in the United Kingdom, Linncmann in Holland, and Herrera in Argentina — all of these 
attempts contribute as necessary first steps. Historically, most significant improvements in rational method 
have been the combined accomplishment of those willing to begin by grappling with reality in immediate 
experiential analysis; of others moving then into the stage of conceptual analysis delineating in ordinary 
language those primitive notions, assumptions, procedures which would be fruitful; and of still others 
bringing ruder ^ginnings to a more satisfying culmination at the deep theoretical level which Kalman 
points toward. I say that without this iterative, cyclical interplay between experiential attempts, conceptual 
analysis, and theoretical development, we cannot readily gain those ends that Kalman most desires. 

Turning now to Professor Churchman, we are recalled to consideration of an option which he believes 
has been much undcnalucd, an option whose importance none would deny: that greater dependence might 
well be placed on the ««-understandable subtlety and elegance of intuitive thought as an alternative to an 
overly technocratic form of modeling. Essentially, his emphasis in on the proper role of feeling in human 
judgment. But the central thrust of the systems approach in inquiry is precisely the holistic ambition to 
break through traditional bairiers which have been driven between science and the humanities — between 
feeling and acting, knowing and valuing. That this is the ambition of a system approach Churchman him- 
self, I am sure, has written a number of books to show. Thus I simply want to suggest that Churchman’s 
remarks entail, not a fundamental revision, but rather the necessity of holding always an ideal conception 
foremost in our minds: that systems modeling at the practical level must ultimately prove to be sensitive 
to the intuitive-regulatory capabilities of human judgment in selection of purpose and satisfactory behavior. 

Notice that this connects directly to Professor Shubik’s point of emphasis: the near-incredible complexity 
of any attempt to map the subtle capabilities of cognitive modeling and human intelligence onto algorithmic 
procedures and computer-assisted logical processing. This is certainly unchallengeable. Yet, to the extent 
that this can be done, to whatever extent one can succeed in formalizing any effectual level of cognitive 
process via “programming”, to that extent we open new degrees of human freedom — ^freedom to move to 
identification and attack on higher order problems which sheer limited cognitive-cybernetic capacity has 
shielded from adequate attention. 

Now there is a consideration at this point which may be even more significant. We may not need, ever, 
to choose to try seriously to approximate cognitive processes at the functional level of system modeling. 
Why? Because we have recourse to a technological capability which admits of interactive man-machine 
procedures in analysis — procedures of precisely that type which Academician Moiseev, I believe, is currently 
engaged in developing strongly within his institution. The presentation by Professor Paul Medow during 
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be known about the system modeled; (2) our computers are loo small to handle many relevant details of 
these veo’, very complex and large systems. Some of us working with models which represent much smaller 
physical systems arc worried when we look at these all-inclusive or global models because of their seemingly 
unrestricted use of lumping (aggregation) and oversimplifications, both of which are forced upon the 
modelers by computer-size and speed limitations. My question deals with an alternative modeling procedure. 
I wonder whether such an alternative was sufficiently studied. The alternative strategy, instead of utilizing 
a single model of the whole, large system, would be based on a series of models of smaller subsystems. 
These smaller models would interact on the computer with each other in a much weaker way than it is 
possible when one treats the whole large system at once. However, note that interaction between subsystems 
still would take place, though perhaps not continuously. Such procedure, if properly developed, first, 
would certainly make it possible to put much more detail into the model. Second, it would make it possible 
to utilize much more fully the knowledge (and even models) which have accumulated in various other 
fields, c.g., economics, earth sciences, biology, etc. At present, 1 think that the input of these various relevant 
sciences often is not fully utilized by the global modelers. My question is; Are these “weak interaction” 
techniques adequately developed? If they arc not — can they be further advanced? If such techniques do 
e.xist, it seems that information about them should be given to those of us who develop models of single 
processes or of smaller systems so that we could help the integrators more efficiently in integrating our 
more restricted models into their large system models. 
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La Conference Mondiale de la Population organisee par les Nations Unies, et la premiere 
a aborder le probleme sur le plan politique, s’est terminee il y a moins dc quinze jours a 
Bucarest. Des ddlegues du monde entier s’y sont reunis et ont notamment adopt6 un Plan 
d’Action Mondial de la Population, dont la preparation etait fondee du point de vuc 
scientifique sur les bilans de nos connaissances dresses par quatre colloques tenus I’annde 
dcrniere, sur la population et le developpement, la population et la famille, la population, 
les ressources naturelles et I’environnement et la population et les droits dc rhonime, Le 
Plan a etc adopte par consensus auquel se sont joints des pays aux conditions idcologiqucs 
et matdrielles aussi dilferentes que les Etats-Unis, la Chine, Cuba, I’U.R.S.S., le Brcsil, la 
France, I’Alg^rie, etc. Je voudrais brievement vous rendre compte de cc document csscnticl, 
qui n’a d’ailleurs pas etc adopte sans de tres vives et tres passionnantes discussions. 

Le Plan coraprend quatre parties; 

1. Historique. 

2. Principes et objectifs. 

3. Recommendations sur les mcsurcs a prendre. 

4. Recommandations sur I’application du Plan. 

1. HISTORIQUE 

C’est, en fait, une introduction dcstinee a indiquer le “pourquoi” du Plan. II y cst d’abord 
rappcle que le Plan se caracterisc par une certaine specificitc, etant limitc aux variables 
demographiques. Le Plan n’est done qu’un fragment, un rouage d’unc action internationalc 
concertee, plus vaste sur le developpement, s’ajoutant a bicn d’autres strategics, par cxcmplc 
sur ragriculturc, I’alimentation, I’cmploi, Tcducation, renvironnement, I’application dc la 
science et dc la technologic, dans le cadre dc cc que Ton appclle la Deuxieme Dcccnnic des 
Nations Unies pour Ic Developpement ct le nouvcl Ordre Economique International qui 
commence a prendre forme. Done, premier point d’importance majeurc, il s’agit d’une 
piece limitec a la population et n’ayant nullement la pretention de trailer de rcnscmble des 
problcmes qui preoccupent le monde, tout cn tenant compte cependant des stnitcgics ct 
programmes deja cn place. 

Ccrtaincs donnees dc la situation demographique mondialc sont ensuite rappelees. Lc 
fait que jamais les hommes n’ont cu le spectacle d’unc telle croissance dont I’elan n’a fait 
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que s’amplifier depuis la deuxieme guerre mondiale. C’est un phenomene insidieux dont la 
lenteur I’a longtemps soustrait a I’attention de la communaute internationale, par ailleurs 
peu disposee a le discuter, et qui a deja developpe bien des consequences que Ton s’efforce 
aujourd’hui de corriger. Nous parvenons cependant de toute evidence a une epoque ou les 
taux d’accroissement atteignent des sommets. Mais le mouvement de reflux sera plus lent 
que la montee de la population et le retablissement des equilibres perdus va exiger au moins 
six a sept decennies en raison du potentiel d’accroisseraent qui s’est accumule dans les 
structures par flge. Ce n’est pas Tun des moindres paradoxes que de constater que le pro- 
bleme demographique contemporain, dont les origines remontent a une trentaine d’annees, 
avec le debut de la baisse de la mortalite dans le Tiers Monde, ne pourra etre denoue que 
par un renversement de tendances echelonne sur pres de trois quart de siecle. 

Ce caractere d’inertie est tout a fait fundamental pour comprendre la situation aussi bien 
des pays en voie de developpement que des pays industrialises et permettre de risquer des 
hypotheses sur leur avenir. Quelques chiffres sont sur ce point revelateurs: imaginons que 
les couples adoptent des maintenant dans les pays industrialises une dimension des families 
permettant un simple remplacement des generations, ce qui est deja le cas pour nombre 
d’entre eux, et meme au-dela. Nous calculous que ces pays s’accroitraient encore de 27 % 
avant d’atteindre la stationnarite qui ne sera totale que dans 70 a 80 ans. Si, autre exemple 
pris cette fois dans le Tiers Monde, les couples d’Afrique de Nord changent progressivement 
leur comportement, mais de fa9on plus marquee, venant de plus haut, de sorte que le taux 
de remplacement tombe a I’unite en I’an 2000, la population de cette region serait appelee 
a tripler avant de connaltre I’etat stationnaire dans environ un siecle. Ces calculs montrent 
combien les structures actuelles pesent sur un avenir qu’elles conditionnent. II est necessaire 
dans un accroissement du moment de separer ce qui revient aux conditions actuelles de ce 
qui revient aux structures, c’est-a-dire au passe. On peut dire que dans de nombreux pays 
en voie de developpement la moitie de I’accroissement est du a la vitesse acquise et I’autre 
moitie aux comportements actuels. En d’autres termes, la moitie de la croissance est en 
quelque sorte une servitude et I’autre moitie accessible a la volonte de changement, qui 
connait elle-meme ses propres facteurs d’inertie. Aussi tenant compte de ces deux sortes de 
resistance, demographique et sociologique, la marge d’incertitude est-elle faible d’ici la 
fin du siecle. La population du monde s’eloignera peu de 6,5 milliards et nous devons des 
maintenant vivre avec cette idee et nous preparer a y faire face. 

Bien d’autres considerations figurent dans cet avant-propos, mais je voudrais attirer 
votre attention sur la derniere phrase, qui met Taccent sur la necessite d’une action suffisam- 
ment anticipee et qui derive directement de la valeur exceptionnelle du temps long en 
demographie a laqueUe je viens de me referrer. Une ligne de conduite fondamentale devrait 
etre de se laisser guider par la pensee anticipatrice, ne plus partir tant du passe, qui est 
d’ailleurs surtout connu et analyse pour les pays industrialises, que de I’avenir. La lecture 
de I’avenir doit plus nous requerir que le simple commentaire du passe. Aussi, meme 
lorsque la situation ne semble pas inquieter les contemporains, on ne saurait trop oublier 
que la clef des politiques de population est une action de nature preventive pour eviter que 
les pays, qui ne connaissent pas encore les difficultes d’adaptation avec leurs ressources, ne 
se trouvent demain dans la situation des pays aujourd’hui surpeuples. Une saine politique 
n’est pas la science de ce qui est mais de ce qui doit etre. Et cela peut amener a agir dans 
des sens que la logique commune reprouve. Par exemple, s’il est vrai que dans certains 
pays, notamment en Afrique, la fecondite est relativement basse en raison d’une forte 
sterilite, I’action doit consister a remedier a cette infecondite chez les couples steriles, mais 
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5. Une des hN'potlieses sen'ant de toile de fond au Plan est qu’il existe un rapport 
dialectique, une sorte de va-eMient entre facteurs demograpliiques et facteurs du developpe- 
ment,qui fait que toute modification de la populationtransforme simultanement les facteurs 
du developpement et qu'inversement, toute transformation des conditions economiques et 
sociales modifie en meme temps les comportements du point de ^^le demographique. Si 
le developpement est une condition suffisante pour la modification de ces comportements, 
il n’en est pas cependant une condition necessaire et il comient de passer d’une attitude 
passive qui consiste a considerer les variables demographiques comme des variables depen- 
dantes du developpement a ime attitude active dans laquelle les variables demographiques 
sont capables de jouer un role pouvant influencer le developpement 

6. La definition d'une politique adoptee dans ce Plan doit etre entendue dans un sens 
large, quand bien meme celui-ci est limite a six variables demographiques. H s’agit de toute 
decision, toute mesure portant sur les parametres demographiques qiu, sur le plan quanti- 
tatif ou qualitatif, ont une influence sur le bien-etre de la population, soit de fagon directe 
soit de fagon indrrecte, c"est-a-dire incluantles eSets secondaires des politiques economiques 
et sociales qui ont une influence sur les parametres demographiques. Bien entendu, I’absence 
de toute action, le “laisser faire”, est aussi une maniere d’agir par abstention et est done 
aussi une politique. Plus que dans bien d'autres domaines, le “laisser faire” est une prise de 
position qui oriente Pavenir. Les parametres pris en compte ici, et de^’eloppes dans la 
troisieme partie du Plan, sont au nombre de six: la croissance demographique, la morbidite 
et la mortalite, la formation des families et la fecondite, la migration interieure, la migration 
intemationale et, enfin, la structure par se.xe et par age. Ceci montre bien qu'il faut defim’- 
tivement ecarter Pidee, qui a longtemps prevalu, de linuter les politiques demographiques 
exclusivement a la regulation des naissances. 

7. Le Plan tient compte de la tres grande variete des situations entre les regions et dans 
les regions elles-memes. Les conditions sont entierement difierentes au Salvador, ou les 
densites sont extremement elevees, qu’en Argentine, au Bouthan qu’au Bengladesh, en 
France qu’aux Paj’s-Bas. lors, une tres grande variete de politiques possibles doit etre 
emisagee, selon Pordre de priorite et d’importance que Pon accordera a telle action plutot 
qua telle autre. La principale qualite d’lm tel Plan est sa souplesse. Dans son application, 
certains mettront Paccent sur la regulation des naissances poiu favoriser une fecondite plus 
humaine et plus ratiormelle, pour soulager les pressions demographiques la ou eUes sont 
les plus fortes, d’autres sur la sante, comme e’est le cas notamment en Afrique, d’autres sur 
la repartition geographique et sur la migration interne ou intemationale, comme e’est le 
cas en Argentine, ou sur plusieurs de ces facteurs. Cela represente autant de politiques 
difFerentes, voire opposees du point de vue de leurs consequences sur la croissance. D’ail- 
leurs, les recommendations du Plan ne sont pas solidaires les unes des autres, de meme 
qu’un mecanisme d’horlogerie, ce qui doit permettre aux gouvemements de mettre Paccent 
sur teUe ou teUe autre action, et d’adopter des choix prioritaires qui peuvent difficilement 
etre decides a Pechelle intemationale. 

8. Le Plan reflete le souci grandissant de la justice sociale au niveau international. 
L'attention de la communaute intemationale doit etre a nouveau retenue par les couches 
les plus defavorisees, par ceux qu’on appelle indument les marginaux, qui sont en fait 
majoritaires, a une epoque ou il n’est plus possible de se derober a Pemprise des normes 
quasi-universelles de valeurs materielles concemant certains besoins fondamentaux en 
matiere de sante, d’afimentation, d’education, de plus en plus associees a des normes de 
comportement en matiere de population. H faut permettre aux categories les plus pamTes 
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d’ameliorer nettement et a breve eclieance leur condition de vie et de combler progressive- 
ment I’ecart qui les separe des plus riches. 

9. Dans I’adoption du Plan, il a ete tenu compte des attitudes des gouvemements et 
celles-ci ne sont pas independantes des conditions materielles de vie. Le Plan est en particu- 
lier fonde sur une analyse exhaustive (E/CONF/CBP/21) des declarations des gouvemements 
a une enquete des Nations Unies, ou sur des declarations officielles faites lors des con- 
ferences regionales des Nations Unies, comme de tout materiel juge pertinent. Bien que 
I’etude ne puisse se placer dans une perspective dynamique, ce qui est regrettable etant 
donne les revisions d’attitude auxquelles nous n’avons cesse d’assister avec la preparation 
meme de la Conference, elle donne au moins une vue d’ensemble de la situation arretee en 
avril 1974. L’etude concerae 148 pays, soit la presque totaUte du monde et 13 agences 
specialisees des Nations Unies. Je vous en donnerai quelques resultats dans le cours de cet 
expose. 

10. Le Plan tient compte des systemes de valeurs. Les problemes de population sont, 
en eflfet, fortement lies aux systemes de valeurs. Or, il est certain que les systeme de valeurs 
qui predominent dans les pays industrialises ne sont pas necessairement les meilleurs pour 
le Tiers Monde. Certaines deceptions et certains echecs s’expliquent peut-etre parce que, 
dans les instances Internationales nous voyons trop souvent le Tiers Monde avec nos yeux 
alors que nous devrions le chercher tel qu’en lui-meme il se voit, et pour cela etre attentif 
a ses comportements. 

La difficulte essentielle de ce Plan est d’etre I’oeuvre de populations venant d’horizons 
culturels differents. Il a cependant ete convenu qu’il etait souhaitable de demander a chacun 
de faire abstraction de ses propres particularites et de rechercher a Bucarest un terrain 
d’entente valable pour tous. Nous avons garde a I’esprit I’idee que I’accord doit I’emporter 
sur les reticences. 

Voila pour les principes. Quant aux objectifs, je pense qu’ils sont bien resumes dans le 
paragraphe 14 dans lequel il est dit que “le but primordial du Plan d’action est de doter les 
pays de moyens accms et plus efficaces afin qu’ils soient mieux a meme de resoudre leurs 
problemes demographiques, nationaux ou regionaux, et de promouvoir une action Inter- 
nationale qui reponde a leurs besoins”. 

Un point delicat est celui de savoir si le Plan doit traduire ses objectifs en termes chiffres 
et dates, ce qui aurait I’avantage, en plus de la clarte, de permettre dans les annees a venir 
de suivre pas a pas la realisation des buts que Ton s’est fixes. Est-il possible de resumer les 
intentions du Plan a quelques donnees chififees? Si oui, quelles variables devraient faire 
I’objet de cette quantification? Sur ce sujet, des divergences ont nettement ete observees en 
raison, soit de la diversite des situations, soit de I’apprehension manifestee par certains que 
cette quantification ne conduise a un controle de Paction et ne porte ainsi atteinte au 
principe des souverainetes nationales. Je reviendrai sur ce probleme a propos de chaque 
variable, mais je dois dire des a present que de nombreux pays, notamment dans le Tiers 
Monde, se sont deja fixe des objectifs quantifies notamment sur la croissance. 


3 RECOMMANDATTONS SUR LES MESURE A PRENDRE 

Ce recommandations se divisent en deux parties: ceUes qui conceraent les politiques 
demographiques et celles qui se rapportent a I’amelioration des connaissances et a la pro- 
motion des politiques. 
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Les objectifs sur la croissance sont plutot sugger^s que reellement formulas, II y est 
rappele que selon les hypotheses basses des projections des Nations Unies, le taux d’accrois- 
sement en 1985 serait de 2,0% pour les pays en voie de developpement, de 0,7% pour 
les pays ddveloppis et de 1,7% pour le monde. Cela correspond d’ailleurs assez bien aux 
objectifs que les pays se sont eux-memes lix6s. 

En fait, I’enquete auprfes des gouvernements montre que deja 42 pays considerent leur 
taux de croissance comme “excessif”, 21 “deficient” et 85 “acceptable”, bien que ce dernier 
terme soil d’interpr^tation difficile, et est bien souvent lie a cette attitude de laisser-faire 
dont je parlais tout a I’heure, ou tout simplement au souci de ne pas exprimer officiellement 
une option quelconque.Mais ce qui est important, c’est que les pays de la premiere cat6gorie 
(taux “excessif”) ont une taille moyenne double de la moyenne mondiale, de I’ordre de 50 
millions d’habitants, et donnent ainsi I’impression de I’existence d’une “d6mographie 
d’echelle”, les pays les plus peuples du Tiers Monde etant aussi ceux ou le taux d’accroisse- 
ment est juge le plus eleve. Ces pays representent 57 % de la population mondiale et 81 % 
de la population du Tiers Monde. II est dgalement interessant de noter que selon le decou- 
page geographique des Nations Unies, I’Asie et TExtreme-Orient ont le pourcentage leplus 
eleve, en terme de pays, dans la categorie “excessif” (62% des pays representant 90% de 
la population), I’Europe le pourcentage le plus eleve dans la categorie “deficient”(23 %) 
et I’Asie de I’Ouest, c’est-a-dire le Proche-Orient, dans la categorie “acceptable”. La 
correlation entre ces trois categories de perception du taux de croissance et du taux effectif 
de croissance n’est pas sans ambiguitd. C’est ainsi que le Bresil, avec un taux de I’ordre de 
3,0, 1’Algerie avec un taux un peu superieur a 3 %, Koweit avec un taux d’accroissement 
naturel de 3,5% et un taux reel de 10%, jugent leur croissance “acceptable” tandis que le 
Pakistan avec un taux de 2,4 %, I’Inde avec un taux de 2,2 % considerent leur croissance 
“excessive”. 

Quoi qu’il en soit, le Plan invite les pays dont les taux de croissance font obstacle a la 
realisation de leurs objectifs de developpement, a le faire. 

Pour ce qui touche la morbidite et la mortalite la question est beaucoup plus simple, car 
tous les gouvernements ont exprime le souhait de la voir diminuer et placent souvent cet 
objectif en premiere priorite. Contrairement au taux de croissance, les desirs des gouverne- 
ments vont tous dans le meme sens. Je rappelerai que dans 45 pays, qui representent un 
tiers de la communaute mondiale, I’esperance de vie a la naissance n’atteint pas 50 ans et 
j’ajoute que des inquietudes de plus en plus grandes se font jour dans ce domaine. Dans de 
nombreux pays europeens, la mortalite a cesse de diminuer et montre meme des signes de 
deterioration, surtout aux grands ages. Un ralentissement de la baisse de la mortalite 
semble apparaitre dans le Tiers Monde. 

L’esperance de vie a la naissance a augmente de 20 ans en moyenne entre 1935-1939 et 
1965-1970. Le projet du Plan est assez ambitieux. II se donne pour objectif de faire passer 
cette esperance de vie moyenne dans les pays en voie de developpement de 55 ans aujourd’hui 
a 62 ans en 1985 et a 74 ans en I’an 2000, ce qui representerait une augmentation de il ans 
pour I’Amerique latine, de 17 ans pour I’Asie et de 28 ans pour I’Afrique dans I’intervalle 
des 26 annees qui nous separe de la fin du siecle. Je ne pense pas que nous puissions contester 
que I’attention doit porter sur la mortalite sociale, obscurcie par des chitfres moyens et 
par 1’ absence d’information qui devrait etre I’uu des sujets les plus preoccupants, etant I’une 
des manifestations les plus evidentes des injustices sociales. 

Pour la formation des families et la fecondite, les recommandations portent dans une 
premiere partie sur les mesures directes susceptibles d’infiuencer la formation des families 
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et Ja feconditd, et dans une deuxieme partie sur les mesures indirectes. L’action doit, en 
effet, consister non seulement a diffuser les moyens de regulation des naissances, avec tout 
ce que cela implique, mais encore, si I’on ne veut pas aller a I’echec, a agir de fa9on simul- 
tanee sur I’education, I’amelioration du statut de la femme, la diminution de la mortalite 
infantile, une fixation judicieuse de I’age au manage etc. Le but essentiel de ces motivations 
est de creer des conditions favorables a I’emergence ou au renforcement des motivations 
par une parente responsable, dcartant toute idee de coercision. II s’agit de favoriser des 
“structures d’accueil” facilitant un changement du comportement procreateur. 

Le projet ne discute pas les techniques de regulation des naissances. II ne s’est, en par- 
ticulier, pas prononce sur la stdrilisation comme sur I’avortement, quand bien meme le 
cheminement des idces dans ce domaine soit tres rapide. Je rappelle que la stdrilisation est 
Idgale dans 24 pays. L’avortement pour des motifs sociaux ou mddicaux, et sur simple 
demande de la femme est ddja Idgal dans 35 pays, et certains vont meme jusqu’a la gratuite 
des soins. Seuls sept pays, tons asiatiques, justifient explicitement I’avortement comme 
moyen de rdgulation des naissances et pas seulement pour le bien-etre familial, la santd de 
la mere, le statut de la femme. 

Au paragraphe 36, il est indiqud que si les projections basses des Nations Unies sont 
effectlvement rdalisdes en 1985 (para. 16) et si les objectifs formulds dans ce projet en 
matiere de mortalild (para. 22) dtaient rdalisds d’ici a 1985, le taux moyen de natalite, qui 
est actuellement de 38 pour mille, tomberait h 30, alors que les projections prdvoient 34 
pour mille. Si Ton veut faire “mieux” que les projections et atteindre les buts que Ton s’est 
fixds, des efforts considerables doivent etre des maintenant ddployds pour faire baisser les 
taux de natalitd la oii on le juge ndcessaire. 

La Confdrencc a rejetd un paragraphe du Plan, dans lequel il dtait dit que les pays oh les 
taux de natalite sont tres dlevds pourront envisager de prendre des mesures afin de reduire 
ces taux de 5 a 10 pour mille environ avant 1985. 

La Conference a dgalement refusd d’inclure la date de 1985 dans un paragraphe ou il 
dtait stipuld que “les pays sont invitds instamment a mettre a la portde des personnes 
intdressdes, si possible avant la fin de la Deuxieme Ddcennie des Nations Unies et au plus 
tard en 1985, 1’information et les moyens d’dducation necessaires en matiere de planification 
de la famille”. 

Dans I’enquete aupres des gouvernements,quatre catdgories d’attitudesont dtd distingudes 
pour ce qui conceme la diffusion des moyens et des services sur la rdgulation des naissances: 
la premiere qualifide de “restrictive”, la seconde de “toldrante”, la troisieme de “favorable” 
et la quatrieme de “soutien olficiel” c’est-a-dire au moyen surtout de subventions a des 
institutions publiques ou privdes. Nous constatons que 8 pays seulement, reprdsentant 2 % 
de la population mondiale, appartiennent a la premiere categorie. Tons les autres pays 
tolerent au moins la contraception et 50%, reprdsentant 81 % de la population du monde, 
se situent dans la quatrieme catdgorie, c’est-a-dire d’un soutien actif ddpassant le simple 
libdralisme. On trouve naturellement dans cette catdgorie 88% des gouvernements qui 
pergoivent leut fdcondite “excessive”, mais aussi 50 % de ceux qui considerent leur fdcondite 
“ddficiente”. 

Les recommandations sur la repartition gdographique des populations et la migration 
interieure portent sur trois points essentiels: la rdgulation des mouvements, le droit a la 
migration et I’intdgration des mouvements migratoires aux plans et programmes de ddvelop- 
pement economique et social, ce qui implique une double politique de reanimation rurale 
et d’amenagement des espaces urbains. Il est intdressant de noter que les informations 
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rccucillics aupris dcs gouvcrncmcnts indiqucnt qu’cn majorite, ccux-ci pcrgoivent Ic pro- 
cessus d’urbanisalion comme unc manifcslalion indluctabic cl positive du ddvcloppcmcnt 
ct dc la modcrnisalion. Cependant, peu dc gouvcrncmcnls adoptent dcs mesurcs visant a 
cncouragcr Ics coiirants migratoircs vers Ics tris grandcs agglomdrations ct 76 ont mcme 
deja pris dcs mesurcs tendant a Ics ddtourncr. 

Trois sorlcs dc migrations intcrnationalcs ont 6t6 considcrdcs: migrations dc travaillcurs 
non qualifids ou faiblcmcnt qualifids, Ics r^fugids politiques ct I’cxodc dcs cerveaux. Les 
rccommandations portent sur Ic droit fi la migration, la protection du migrant ct dc sa 
famine, Ic role dcs organisations intcrnationalcs pour la conclusion dcs accords bilatdraux 
ou mullilatdraux rdglcmcntant Ics mouvcmcnls migratoircs, 

En fait, les informations rccucillics sur les politiques relatives aux migrations intcrna- 
tionalcs indiqucnt claircmcnt que les gouvcrncmcnts sont trds prcoccupds par cette com- 
posantc du mouvement dc la population, non seulcmcnt pour cc qui a trait a la surveillance 
administrative dcs mouvements, mais aussi pour cc qui conccrnc la composition ct la 
croissance dc la population active. Si 76 pays autorisent ou cncouragcnt I’cmigration 
permanente ct 96 I’dmigration temporaire, 32 pays seulcmcnt cncouragcnt I’immigration 
permanente ct 36 Timmigration temporaire. Comme on peut s’y attendre la grande majorite 
dcs pays qui cncouragcnt I’immigration cst situde en Europe, au Moycn-Orient, en Australie 
ct sur Ic continent amdricain. Mais e’est un domainc ou I’influcncc dcs caprices de la con- 
joncturc cst tres grande ct dcs rctourncmcnts d’attitude sont souvent observds en fonction 
dc revolution deonomique gdndralc. 

Dc nombrcuscs rccommandations portent ensuite sur I’amdlioration dcs connaissances 
en matidre dc population, qu’il s’agissc du rasscmblcmcnt ct dc I’analysc des donnees, de la 
recherche, dc la formation multidisciplinaire, dc I’information du public. Tous ces points 
sont d’unc importance fondamcntalc car il cst biend vident qu’unc politique qui ne serait pas 
fondde sur un solide plan de rdflexion serait immanquablement vouee a J’echec. 11 faut 
trouver I’outil addquat si Ton veut mettre en accord les principcs contenus dans le Plan 
et son application. 

4. RECOMMANDATIONS POUR L’APPLICATION DU PLAN 

Enfin, la derniere partie du projet porte sur le role primordial des gouvernements, celui 
de la cooperation internationale, I’observation et revaluation du Plan. 

Qu’il me soil permis d’insister sur deux points mentionnes au paragraphe 85, a savoir 
deux principes devant guider la contribution des organisations intemationales: celle-ci ne 
saurait intervenir qu’a la demande expresse des gouvernements et les ressources financieres 
mises a la disposition de ces gouvernements doivent s’ajouter aux autres sources d’aide 
deonomique. 

Le document presente d’une maniere claire un texte pouvant inspirer le politique et le 
praticien en enrichissant leur imagination, en les aidant a se poser les bonnes, les vraies 
questions, en leur fournissant des suggestions, voire des prescriptions. II permet de faire 
entrer dans le champ du possible ce qui parait necessaire a la communaute internationale. 

Demain ce ne sera plus le “pourquoi” qui va nous requerir mais le “comment”. Cela va 
exiger un effort considerable d’organisation au niveau national comme au niveau inter- 
national pendant de longues annees. 

Des la fin de cette annee, des reunions regionales vont se tenir pour mettre en oeuvre le 
Plan en I’adaptant aux conditions de chaque region. 



CONCLUSIONS GfiNfiRALES DE LA CONFERENCE MONDIALE 
“VERS UN PLAN D’ACTIONS POUR L’HUMANITE” 

COULOMB: Jc pric maintcnant un rcpr6sentant dechacun dcs cinq groupes r^unis pendant notre con- 
ference, dc bien vouloir prendre place aupr6s dc moi: je leur donnerai successivement la parole. Chacun 
d’entre eux indiquera Ics conclusions auxquclles sont par\'enus Ics membres de son groupe. Ces conclusions 
sont quclqucfois asscz complexes ct nous nc pourrons pas les discuter en ddtail. Elies seront alors consider^es 
comme des conclusions du groupe et non pas comme dcs conclusions de la conKrence. Mais, apr^s chacun des 
cinq rapports, nous choisirons un ou deux points particulierement importants et nous les mettrons en reserve. 
Lorsque les cinq rapports auront dt6 pnSscntds, nous ousTirons une discussion sur les cinq ou six points 
retenus. Leur examen sc tcrmincra h six heurcs. II faut, cn efict, que nous gardions une demi-heure pour 
considdrer les propositions dont I’initiativc pourrait ctre prise par des membres de I’assemblde, Une 
telle discussion finale, plus fibre, nc pourra cependant pas ctre tout h fait gdndrale et reprendre tout ce qui 
adtdsoumish laconfdrcncc,mais devra porter sur des textesaussi prdcisque possible. Je donne done la parole 
h Monsieur Malinvaud qui cst Ic premier h parlcr puisqu’il reprdsente le groupe des Economistes. 

MALINVAUD: Lc groupe dcs dconomistes qui s’est rduni h la Confdrcnce mondiale de I’lnstitut de la 
Vic exprime scs conclusions comme suit: 

1. Les choix ouverts au ddvcloppcmcnt h long terme dc I’humanitd ddpendent de ce que sont les rdserves 
cn rcssourccs naturcllcs, dc cc que seront les progres techniques dans la mise en oeuvre de nouvelles pro- 
ductions, enfin dcs lois qui rdgissent la transformation dcs dquilibres biologiques et dcologiques. Sur ces 
divcrscs conditions dc la croissance future les connaissanccs scientifiques actuclles laissent subsister detrds 
grandcs marges d’incertitude. 

2. Lc risque scmblc cxistcr quo I'dconomic mondiale voit dans I'avcnir s’accuser des raretds de natures 
diverscs ct qu’ainsi les conditions du ddvcloppcment subissent une mutation par rapport au dernier siecle 
dcould au cours duquel, du fait du progres scientifique ct technique, les raretds ont eu dans I’ensemble 
tendance a diminucr. 

3. Devant cc risque, on pout rccommandcr qu’unc politique prudente soit adoptde pour la natalitd, la 
gestion dcs rcssourccs ct la prdservation dc renvironnement. On nc sait pas si ceci requiert un ralentissement 
substanlicl du taux dc croissance de la production mondialc. Comme un tel ralentissement aurait des con- 
sdqucnccs lourdcs, particulierement pour les pays pauvres, il scrait prdmaturd de la proposer. Les choix 
deonomiques doivent cependant privildgicr, plus que par Ic passd, la qualitd de la vie et peuvent avoir pour 
consdqucncc un ralentissement dans Ic rythmc dc croissance dc la consommation de produits manu- 
facturds, tout au moins dans Ics pays ddja industrialises. 

4. Pour prendre corrcctcmcnt cn considdration les exigences du long terme et faciliter des adaptations 
rapidcs, la gestion dcs rcssourccs doit savoir combiner lc fonctionnement des marchds et I’utilisation des 
prix a la planification aux niveaux local, national ct international. La meilleure combinaison de ces ins- 
truments nc doit pas rdsultcr d’unc prdfdrcncc dogmatique mais d’un examen particulier de chaque cas. 
11 cst clair, cependant, que seront ndccssaires dcs institutions nouvelles, ou plus efficaces, de planification 
sociale. 

5. Les probicmes d’dquilibrc entre rcssourccs ct besoins risquent de sc poser beaucoup moins a I’dchelle 
du monde considdrd comme un tout que dans certaines rdgions en voie de ddveloppement. La politique de 
croissance des autres rdgions doit etre con 9 ue cn tenant comptc de ses consdquences sur les rdgions critiques 
qui peuvent avoir besoin dc ddbouchds, do capitaux ct de dons cn nature. Le ralentissement dventuel de 
I’expansion industricllc des pays ddvcioppds nc doit pas etre supportd par les pays pauvres. 

6. Les progres dc la conscience et la solidaritd accrue entre les hommes de la planete imposent plus 
gdndralemcnt que la distribution dcs biens devienne plus dquitable h I’intdrieur de chaque pays et entre les 
pays. Pour atteindre ces objcctifs, on devrait d’ailleurs fairc comprendre aux citoyens des diverses nations 
que leur intdret h long terme recommande I’aide aux pauvres, notamment h ceux du monde en voie de 
ddveloppement. 

7. Nous insistons aupres des dconomistes pour que, cn coopdration avec leurs collegues des autres 
sciences, ils intensifient Icurs efforts pour comprendre et prdvoir les implications de la croissance de la 
population comme celles dc I’dventuel renforcement des raretds touchant les ressources physiques et I’energie. 
II faut d’une part des dtudes factuelles sur la demande et Poffre des mafieres critiques, d’autre part des 
reflexions sur le fonctionnement des institutions et la transformation souhaitable de I’organisation dcono- 
mique. 

COULOMB: Je pense que nous pourrions retenir deux iddes dans votre exposd pour la discussion qui 
aura lieu tout k I’heure: tout d’abord le troisieme point des dconomistes, e’est-^-dire les recommandations 
de prudence dans la gestion des ressources et I’idde de privildgier la qualitd de la vie, meme s’il faut ralentir 
la consommation; d’autre part, le point 5 e’est-i-dire I’accent mis sur les politiques rdgionales, ou encore 
I’idde qu’il faut se prdoccuper de la redistribution des ressources, avant de se prdoccuper de la croissance 
globale. Je vais maintenant passer la parole au Professeur Brown pour nous parler des resolutions prises 
par le groupe qui s’est occupd des ressources mindrales. 
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IHIOWN; 1. The rale of crowth of resource consumption in (he industrialized countries should be 
decreased. A numl->cr of approaches to this goal arc possible including increasing the lifetimes of manu- 
factured goods, minimizing their contents of valuable raw materials, and designing them so they can be 
recycled or otherwise utilized cflicicntly from the points of view of energetics and the environment. 

2. The economic growth of the developing countries should be accelerated as rapidly as possible with 
the objective of eliminating poverty and misery. 

3. The rate of population growth worldwide cannot go on increasing, recognizing that the level of 
decrease which is both desired and attainable varies considerably from nation to nation, depending upon 
the resource base culture and economic development. 

4. National and international bodies should encourage actions which will help discover new resources 
or extend already known sites, especially through research on better methods for prospecting and evaluating 
deposits for extracting and concentrating minerals. 

All of these actions should lx: complemented by studies of how to integrate exploitation, how to use raw 
materials more rationally, and how to recover wastes more cfncicnlly. They should also take into account 
the protection of other rcsourecs. 

5. It is important to conduct gcocconomic analy.scs in different countries, integrating reserves and 
resources, their social and economic development and demographic prospects. On the basis of these analyses, 
multinational plans for rational use and management of resources can be drawn, 

6. With respect to the recycling of wastes, legislative and economic incentives arc needed to control 
the production of wastes, to encourage recycling, and to develop markets for recycled products. 

7. National and international bodies should take steps to increase the quantity and quality of research 
dealing with the handling and recycling of waste products. 

Tratluction francaisc: 

1. Lc taux dc croissance dc la consommation dcs rcssourccs dans les pays industrialists devrait ctre 
reduit. Plusicurs possibilitds s’offrcnt pour attcindre cc but, parmi Icsqucllcs rallongement dc la durdc dc 
vie dcs biens manufacturts, la reduction au minimum dc leur contenu cn matiircs premitres prtcicuscs ct 
lc choix d’unc conception qui permette un rccyclagc ou unc rtutilisation cfBcacc du point dc vuc dnergdtique 
ct dc renvironnement. 

2. La croissance teonomique dcs pays cn voic dc ddvcloppcmcnt devrait ctre acctldrdc aussi rapidement 
quci possible cn vuc d’diimincr la pauvretd ct la miscrc. 

3. Lc taux dc croissance global dc la population mondiale nc pent pas continuer a croitre, toutefois lc 
degrd dc diminution dc cc faux dc croissance varic considdrablcmcnt scion les pays, comptc tenu dc Icurs 
rcssourccs, dc leur culture ct dc leur ddvcioppcmcnt deonomique. 

4. Les organismes nationaux ct internationaux devTaient cncouragcr les actions pour aider a la dd- 
couverte dc nouvcllcs rcssourccs ou ii I'cxtcnsion dcs gites ddjt rcconnus, cn particulicr par dcs recherches 
permettant d’amdliorcr les mdthodcs dc prospcction ct d’dvaluation dcs gisements, ainsi que les proeddds 
d’cxtraclion ct dc valorisation dcs mincrais. Toutes ccs actions demient ctre compldtdcs par dcs dtudes 
portant sur unc exploitation intdgrdc, unc utilisation plus rationncllc dcs maticrcs premieres et une rd- 
cupdration accrue dcs ddehets. Elies devraient dgalcmcnt tenir comptc dc la protection des autres re- 
ssourccs. 

5. II cst important dc proedder a dcs analyses gdodconomiques dans differents pays en intdgrant les 
reserves ct les rcssourccs, lc ddvcioppcmcnt deonomique ct social ct les perspectives ddmographiques. /dnsi 
pourront ctre dtablis dcs scenarios plurinationaux d’utilisation ct dc gestion rationnelles des rcssourccs. 

6. En cc qui conccrnc Ic rccyclage dcs ddehets, dcs mcsurcs Idgislatives ct deonomiques sont ndeessaires 
pour limiter la production dcs ddehets, cncouragcr leur recyclage ct ddveloppcr les marchds des produits 
rccyclds. 

7. Les organismes nationaux et internationaux devraient prendre des mesures pour augmenter le nombre 
ct amdiiorcr la qualitd des recherches sur les mdthodcs dc traitement ct dc recyclage des ddehets. 

COULOMB: Je rctiens cette fois les iddes suivantes: Ic groupe des rcssourccs mindrales propose de faire 
ddcroitre la consommation des rcssourccs dans les pays industrialisds, et de I’accdldrer dans les pays en voie de 
ddveloppcment ; cc sera notre troisiemc point. II est d’aillcurs en relation dvidente et tres dtroite avec le premier 
point retenu tout ti I’heure: la prudence rccommandde par les dconomistes dans la gestion des ressources 
avec prioritd a la qualitd de la vie ct au ralentissement de la consommation. Les deux iddes pourront etre 
discutdes cn meme temps. Nous passons maintenant au troisieme groupe, qui s’est prdoccupe des ressources 
en dnergie, ct je donne la parole a Monsieur Gibrat qui veut bien le reprdsenter. 

GIBRAT: Le groupe des spdcialistes de I’dnergie est conscient des dangers graves a court terme qui 
menacent I’humanitd&Iasuite del’augmentation des prix des produits pdtroliers,maisiI estime que ces dangers 
reldvcnt de la politique, ct non de nouvelles sources ou techniques. 

II est assurd de la ndcessitd absolue dc permettre aux pays eu cours de ddveloppcment I’dldvation du 
niveau de vie et est persuadd que rdnergie en est un facteur essentiel. 

II croit que, dans les pays industrialisds, I’augmentation des prix des combustibles modifiant la rdpartition 
et les calculs d’optimisation, une certaine saturation des besoins et une participation plus importante d’in- 
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dustries ou services k consomniation faible d’dnergie amtoeront automatiquement un ralentissement de la 
demande d’dnergie. 

II estime done que la consommation mondiale energetique en I’an 2000 ne ddpassera pas deux ou trois 
fois la consommation actuelle et que, dans ces conditions, il n’y a pas k craindre k moyen ou & long terme 
de penurie d’dnergie. 

II considere que les problemes d’environnement k cette echelle paraissent solubles, mais que la pro- 
liferation possible au XXIeme siecle des surgdnerateurs posera, avec le plutonium, des problSmes dont il 
faut mettre au point la solution. Il est done ndeessaire des maintenant de preparer I’avenement de sources 
nouvelles: dnergie solaire, gdothermique ou de fusion. De memes les incidences climatologiques pourront a 
cette dpoque etre preoccupants. 

Il recommande done: 

1. La poursuite des efforts sur les surgdndrateurs et les reacteurs a haute tempdrature, I’intensification 
des dtudes sur la production d’hydrogene ^ bas prix. 

2. Un nouvel examen des sources d’dnergie disponibles, gazdification et liqudfaction du charbon, dnergie 
mardmotrice ou dnergie thermique des mers. 

3. L’intensification des recherches actuelles sur I’dnergie solaire, I’dnergie gdothermique et la fusion 
nucldaire. 

English translation: 

The group of experts in energy is conscious of the severe short term dangers which menace mankind 
following the increase of mineral oil products costs, but they deem that these dangers are dependent on 
political measures and not on new sources or techniques. 

They are convinced of the absolute necessity for the countries under development to be given access to 
an honorable form of civilization and they are sure that energy is an essential factor. 

They believe that, in the industrialized countries, the optimum of repartitions being modified by the 
increased cost of fuels, the needs in energy will automatically slow down due to some saturation of the 
needs and a larger participation of industries or services with low energy consumption. 

Consequently, they estimate that the world energy consumption in the year 2000 will not go beyond two 
to three times the current consumption and that, under these circumstances, no mean or long term scarcity 
is to be feared. 

They consider that the problems of environment seem to be solvable at this scale, but that the possible 
proliferation of breeders during the twenty-first century will set a problem with plutonium, to which a solu- 
tion is difficult to foresee. Therefore, it is necessary to prepare from now onward the advent of new sources, 
solar, geothermal or fusion. By then, also, climatological problems may become of some concern. 

So they recommend: 

1. Further efforts on breeders and high temperature reactors; the intensification of studies on low cost 
hydrogen production. 

2. A new review of the available energy sources, coal gasification, and liquefaction, sea tidal or thermal 
energy. 

3. The intensification of current efforts on solar energy, geothermal energy, and nuclear fusion. 

COULOMB: Il me semble que, dans ces resolutions, tres importantes et tres detaillees du groupe de 
I’energie, nous pouvons retenir une suggestion globale: ce groupe reclame un grand effort pour I’etude de 
solutions nouvelles aux problemes de production d’^nergie. C’est une idee qui pourra probablement susciter 
un consensus plus facilement que certaines des precedentes. Je donne maintenant la parole au Professeur 
Tarzwell, pour nous indiquer I’opinion du groupe qui s’est occupe de la pollution, en particulier de la 
pollution thermique. 

TARZWELL: In putting together our recommendations we found that it was difficult to consider thermal 
modification and biological balance without taking into consideration other types and forms of pollution. 
The recommendations of our group on biological balance and thermal modifications are as follows: 

1. The group “Biological balance and thermal modifications” recommends that steps be taken for 
overall land and water management. As a first step it is recommended that planning for wise usage of land 
and water be undertaken, including designation of best usage such as agricultural, urban, industrial, rec- 
reational, nature conservancy, etc. 

2. The group recommends that research be carried out for the determination of air and water quality 
requirements for their various uses, so that data be available for the establishments of air and water quality 
standards and effluents requirements. 

3. The group points out that the problems of pollution, particularly thermal pollution, can be solved, 
but only with a worldwide increase in public and legislative awareness and with the granting of priority in 
the process of allocating the financial resources. 
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4. The group points out that energy conservation measures and the search for alternative energy sources 
have strong environmental implications. As a basic critcrium, the group recommends that a least energy use 
pathway be followed to meet any legitimate society need, since such a pathway will result in minimizing 
environmental cITccls. 

5. The group recommends strongly that research be conducted to develop thermoelectric plant designs 
such that advcr.se environmental cllccts such as thermal, toxic pollution, and mechanical damages, etc., 
arc minimized or eliminated. It is necessary to select in advance sites for thermoelectric plants where detri- 
mental environmental clTccts will be at a minimum and require that all new plants be located in one of these 
sites. Estuaries, rivers with low dilution capability, shallow lakes and marine embayments with poor cir- 
culation arc recognized as being extremely vulnerable, especially in tropical regions. 

6. The group recommends that all operations such as lumbering, grazing agricultural practices, mining, 
road building, drainage and construction of dams bc.carricd out in such a way as to minimize all adverse 
environmental clTccts such as soil erosion, flooding, destruction of vegetation cover, reduction of carrying 
and production capacity, increased surface runoff and decreased low water plan, damage to the environment 
of continental shelves, etc. 

7. The group considers it essential to achieve a high degree of cooperation among the various scientific 
and engineering disciplines involved in basic research, applied investigations, overall planning and detailed 
design of facilities affecting the environment. 

Environmental and pollution problems must now be considered on a global scale. 

Traduction fran false. • 

1. Lc groupc “Modifications thermiques ct iquilibres biologiqucs” dc la confdrcncc mondiale dc 
Tnstitut dc la Vie rccommandc quo dcs mcsurcs soient prises pour un amdnagement d'cnsemblc des cspaccs 
naturcls ct dcs caux. Dans un premier temps, il cst rccommandd d’dtablir un plan rationncl d’affcctation 
dcs cspaccs ct dcs caux prdvoyant leur utilisation optimalc cn fonction dcs divers besoins dc rhomme; 
agriculture, urbanisation, industric, loisirs, conservation dc la nature, etc. 

2. Lc groupc rccommandc que soient entrcpriscs dcs rcchcrchcs permettant d’dtablir Ics critdres de 
qualitd dc fair ct dcs caux correspondant aux diffdrentes utilisations, dc fajon d disposer dcs donndcs 
ndccssaircs d rdtablisscmcnt dc normes dc qualitd dc I’air ct dcs caux ainsi quo dcs contraintes d appliqucr 
aux rejets. 

3. Lc groupc souligne que Ics probldmcs dc pollution, ct particulicrcmcnt dc pollution thcrmlque, 
peuvent etre rdsolus, d la condition expresse que lc public comme Ics autoritds prennent conscience dc leur 
importance ct que Ics prioritds ndccssaircs leur soient rcconnucs dans I’allocation dcs rcssourccs financidres. 

4. Le groupc souligne que Ics mcsurcs visant d assurer unc utilisation optimalc dcs dncrgics cxistantes 
ct Ics efforts pour ddvcloppcr des sources nouvcllcs d’dncrgic ont d’importantcs consdqucnces sur I’cnvironnc- 
ment. Aussi rccommandc -t-il que soit rcconnuc la ndccssitd d’utiliscr Ics quantitds minimalcs d’dnergic 
compatibles avec les besoins de la societd, cc qui conduira d minorcr Ics effets sur I’cnvironncment. 

5. Le groupc rccommandc avec la plus vive insistance: 

— d’une part que soient cffectudcs dcs rcchcrchcs visant d cc que les installations thermodlectriques 
soient congues de fagon d minimiscr ou dliminer les dommages d renvironnement rdsultant dcs 
effets thermiques, toxiques ou mdeaniques; 

— d’autre part, que soit dtabli un invenfairc dcs sites potcntiels d’installations thermodlectriques 
correspondant d un minimum d’agressions vis-d-vis dc renvironnement et que les nouvcllcs 
centrales soient impdrativement implantdes dans I’un de ccs sites. 

Les estuaires, rividres d faible potenticl dc dilution, lacs peu profonds et bales maritimes d circulation 
deficiente, doivent etre considdrds comme particulcrcment vulndrables, principalement dans les rdgions 
tropicales. 

6. Le groupc rccommandc que diverses activitds humaincs telles que I’exploitation forestiere, le paturage, 
les exploitations minidres, la construction des routes, les opdrations de drainage, les constructions de barrages 
soient congues de fagon a minimiser les consdqucnces de ces activitds sur renvironnement ct notamment; 
I’drosion, les inondations, la destruction du convert vdgdtal, la rdduction des possibilitds d’dlevage dc bdtail, 
I’accroissement du ruissellement, la diminution du ddbit d’dtiage des lleuves, I’altdration des eaux ct des 
fonds du plateau continental. 

7. Le groupe considdre qu’il est essentiel de parvenir h une dtroite coopdration entre les diverses dis- 
ciplines scientifiques et cedes de I’art de I’ingdnieur, disciplines qui sont toutes concemdes dans les recherches 
fondamentales et appliqudes, la planification gdndrale ct la conception ddtaillde des installations susceptibles 
d’affecter renvironnement. 

Les probldmes d’environnement et de pollution sont devenus des probldmes qu’il faut considdrer d 
I’dchelle du globe. 
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COULOMB: II me scmbic quo I'iddc sur laquclle nous pourrons discuter utilemcnt tout a I’heure est la 
premiere et dcmicrc — vous I’avcz rappcidc A la fin — e’est le plan d’amSnagement global pour les espaces 
naturcis ct pour les caux. Jc suppose quo cc plan doit ctre 6tabli d’abord h I’^chelle nationale, mais peut-etre 
ensuite i rdchclie intcrnationale. Votre groupe met avec raison, me semble-t-il, I’accent sur cette coherence 
entre la protection des difTcrents espaces naturcis ct des caux centre la pollution. C’est le point que nous 
pouvons j5eut-etrc discuter utilemcnt tout d rhcurc. Je donne enfin la parole i Monsieur Davous qui va 
nous indiquer les nSsolutions du groupe dc travail sur I’analyse des syst6mes ct la moddlisation. 

DAVOUS: 1. Les participants du groupe "La moddlisation des systSmes mondiaux et ses limites” ex- 
priment Icur gratitude i L’lnstitul dc la Vie qui a rendu possibles des dchanges d’informations et de points 
de vuc entre des hommes concernds ou intdressds par le ddvcioppcment de la moddlisation des systemes 
globaux. 

2. Les moddics ont un r61c a joucr dans I’dtudc dc nombreux aspects des processus de ddveloppement 
mondial, car la plupart dc ccs probldmcs prdsentent unc ou plusieurs des caraetdristiques suivantes: 

— complexitd 

— haut degrd d’intcrconncction cl nature intcrdisciplinaire 

— nature quantitative. 

Le besoin dc modclcs a did exprimd par d’autres groupcs pendant la conference. 

3. Nous sommes au sladc initial des ddvcioppcmcnts dc grands modclcs sur ordinateurs et les utilisateurs 
potcnticls dc tels modclcs doivent ctre conscients des fails suivants: 

a) la difficultd dans la moddlisation augmente quand on passe des systemes physiques aux systemes 
biologiqucs ct bicn davantage encore quand on aflcint Ic niveau des systdmes humains. 

b) Pour les systemes non physiques, il est prdmaturd ou peut-etre mcme impossible d’utiliser une approche 
d’optimisation, e’esuVdire telle que I’action optimalc se trouve ddfinie dc fagon automatique. La 
moddlisation scmbic irds utile actucllemcnt pour unc dvaluation partielle des consdquences possibles 
dc divcrscs sdrics dc ddcision; au ddcidcur d’cxcrccr son jugement. 

c) L’intcraction entre les diffdrents partcnaircs qui influencent I’aclivitd de moddlisation est un processus 
complcxc. La qualild du moddlc qui cn rdsultc sera amdiiorde si on attache suffisamment d’attention 
aux dilTdrcnccs dans Ics buts, Ics perceptions, Ics perspectives de temps, la nature dc I’intdret, les roles 
ct Ics rcsponsabilitds des hommes du mondc politique et dc Padministration, des groupes de plani- 
fication, des hommes d’alfaircs, des constructeurs dc moddles, des universitaires ct autres intellectuels, 
ct du public tout cnticr. 

d) il cxiste un autre type d’intcraction a I’intdricur memc dc I’activitd dc moddlisation entre les spdcialistes 
dc disciplines ditfdrcntcs impliquds dans Ic projet. 

Comme nous nc savons pas encore comment diriger une dquipc pluridisciplinaire, il faut etre spdciale- 
ment attentif d obtenir la meillcurc contribution des diverscs disciplines. 

L’intcraction hommc-machine qui fait partie dcl’activitd dc moddlisation souldve d’autres problemes, 
mais fait aussi apparaitre d’aulres opportunites, car les systemes d’interaction homme-machine seront 
sans doutc au cocur dc nombrcuscs activitds dc moddlisation. 

4. En ddpit de ccs limites, il est urgent dc fairc progresserla moddlisation globale dans les voies suivantes: 

a) les activitds dc moddlisation doivent ctre cncouragdes i la fois en tant que ddveloppement scientifique 
et en tant que contribution directe a la solution dc certains problemes importants. 

b) il nc faudrait pas ddfinir une seule voic. II convient d’cncourager une exploration profonde des diverses 
avenues qui s’ouvent aujourd’hui. 

c) un effort continu doit ctre entrepris cn vuc d’analyscr et de comparer les divers modeles et de s’assurer 
de leur validitd cn fonction d’un certain nombre de donndes statistiques. Parallelement, il conviendrait 
d’dvaluer en permanence les hypothdses et les processus qui caraetdrisent les divers modeles. 

d) un Hot continu d’informations devrait s’dtablir entre ceux qui confoivent le modele et les autres 
partcnaircs qui sont ou devraient etre impliquds dans I’application du modele. 

Des efforts de vulgarisation et d’dducation du public devraient etre entrepris, mais en prenant bien 
garde d’dviter tout optimisme ou pessimisme illdgitime. 

e) la coopdration intcrnationale est cssentielle dans les domaines suivants: 

— dchange des donndes statistiques 

— mise en common des rcssources intellectuelles 

— dventuelle mise en commun de quelques outils tels les ordinateurs. 

Cette cooperation rendra ndeessaire un organisme international de coordination. On pent encore discuter 

sur la nature exacte de cct organisme international, mais son existence semble hautement ddsirable. 
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5. II rant cncaccr la discussion avcc Ics mcmbrcs d’autrcs disciplines qui participent au congres pour 
identifier ics domnincs ou la modelisalion peu( ctre utile ct ou dcs actions ii court terme pourront 
Ctre conduilcs. 

English translation: 

1. The participants express their gratitude to the Institut dc la Vic, who have made possible these cx- 
changes of information and of points of view between people involved in and interested by the development 
of global system models. This conference has been an excellent step which will hopefully be followed by 
others. 

2. Models have a role to play in the study of many aspects of world development processes because 
most of these problems have one or more of the following characteristics: 

— complexity, 

— interconnectedness and interdisciplinary nature, 

— quantitative nature. 

Needs for models have been expressed by other groups during the conference. 

3. We arc at an early stage of developing large computer models, and the potential users of such models 
should be made aware that: 

(a) There arc increasing dilTicuItics in model building when we go from physical systems to biological 
systems and still more to the level of human systems. 

(b) For nonphysical systems it is too soon or maybe impossible to use an optimization approach (where 
the optimal course of action should be generated automatically). Modeling seems to be most useful 
at the present stage for a partial assessment of the possible outcomes resulting from various sets of 
decisions: this array of possibilities can illuminate the problem under study and enable the decision 
maker to c.xcrcizc his judgment. 

(c) The interaction between the various people influencing a model building activity is a complex process. 
The quality of the resulting model will be improved if sufficient attention is paid to the differences in 
goals, perceptions, time horizons, interests, responsibilities and accountability of the politicians, the 
administrators, the planning groups, the businessmen, the model builders, academics, and other 
scholars and the public as a whole. 

(d) Another type of interaction occurs, within the model building activity, between the specialists of the 
various disciplines involved in the project. As we do not know yet how to manage efiiciently a multi- 
disciplinary team, special care has to be exercised to insure the best contribution from the various 
disciplines. Man-machine interaction, which is part of the modeling activity, brings other problems, 
but also new challenges, because interactive man-machine systems will probably beat the core of 
many modeling activities. 

4. In spite of these limitations, global modeling is to be promoted urgently along the following fines: 

(a) Modeling activities arc to be encouraged both as a scientific development and as a direct contribution 
to the handling of some problems which arc relevant and capable at the moment of being dealt with 
by this approach. 

(b) No single route should be specified, and a deeper exploration of the various roads open at present is 
to be encouraged. 

(c) A continuous effort should be launched, xvith a view to analysing and comparing the various models 
and ensuring their validation on a variety of statistical bases. In parallel, a continuous assessment 
should be made of the foundations and of the processes on which the various models are based. 

(d) A continuous flow of information should bo established between the model designers and the other 
people who are (or should be) involved in the application of the model. Efforts at popularization and 
public education should be undertaken, but with a great care to discourage undue optimism and 
pessimism. 

(e) International cooperation is essential on: 

— exchange of statistical data, 

— pooling of intellectual resources, 

— possible pooling of some tools (computers). 

This will induce a need for an international coordination body. The exact nature of this international 
body is still open to discussion, but its existence seems to be highly desirable. 

5. A discussion should be immediately opened with the members of the other disciplines attending the 
congress, in order to identify areas where modeling can help, and to select some short term actions which 
should be undertaken. 
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COULOMB: Ainsi s’acheve la revue des travaux accomplis par nos cinq groupes de travail, et je vais 
vous rappeler les points qui nous ont paru les plus saillants, et sur lesquels je vais ensuite ouvrir la discussion. 

Du point de vue des dconomistes, nous avons retenu deux iddes. La premiere c’est d’etre prudent dans 
la gestion des ressources, et corrdlativement de privildgier la qualitd de la vie, meme s’il faut ralentir la 
consommation. Suivant la deuxieme idde. Ton doit se prdoccuper de la redistribution des ressources, plutot 
que de la croissance globale. 

Sur les ressources mindrales, nous avons retenu la proposition, assez rdvolutionnaire, de faire decroitre 
la consommation dans les pays industrialisds; par centre on accdlererait sa croissance dans les pays en 
voie de ddveloppement; cette contrepartie n’dtait pas elle-meme rdvolutionnaire. 

Le groupe des ressources dnergdtiques rdclame un grand effort pour I’dtude des solutions nouvelles au 
probleme de production d’dnergic. 

Le groupe de la pollution, demande un plan d’amdnagement d’ensemble pour les espaces naturels et les 
eaux. Enfin le groupe de la moddlisation suggere une promotion de la coopdration Internationale pour 
I’dchange des donndes statistiques, la mise en commun des ressources intellectuelles, et si possible, la mise 
en commun des moyens de calcul. 

Je vais maintenant ouvrir la discussion sur I’ensemble de ces six points. Us ne sont pas rigoureusement 
independants et ne peuvent guere ctre discutds I’un apres I’autre. Ce que je demanderais, c’est que les orateurs 
soient brefs, et qu’ils essayent de prdsenter des propositions precises. Je donne la parole, pour commencer, 
au Professeur Stewart. 

STEWART: It seems to me that you have retained from the economists, the materials people, and from 
the energy group, papers which have a great deal in common. I believe that the strength of what we have to 
say would be much greater if these statements were combined in some way. 

There is another question which I would like to ask of the gentleman involved and as the group as a whole: 
We have had considerable emphasis on the concept of a reduction of the rate of growth within the developed 
countries. I would believe that the intention was that the reduction should be in the rate of growth of material 
products — not necessarily a reduction in the rate of growth even of such a bad indicator as the gross national 
product, and certainly not necessarily a reduction of the growth of some belter figure of merit for the quality 
of life within a society. Am I right in this assumption? 

BROWN : With respect to the consumption of resources we recommended that the rate of growth of 
resource consumption be decreased. There are many approaches to this. One of them is the actual rate of 
growth of consumption of items. I think that this might be debated by the economists. I am not sure. The 
other is making more efficient use of the resources that we do use and making sure that they are designed 
in such a way that they can be recycled and that recycling techniques are developed as much as possible. 
I am quite sure that energy can be linked directly with this because a decrease in the rate of growth of 
resource consumption has directly connected with it a decrease in the rate of growth of energy consumption 
to the extent that energy consumption is used in this way. 

LINDBECK: To avoid misunderstandings I want to emphasize that, as far as I understand, the group 
of economists has not recommended as a target for policy to reduce the growth rate of either gross national 
product or consumption. What is said is the following: we recommend a reallocation of resources in the 
economy in favor of things that improve the quality of life and the environment, and we expect that one 
Insult of this may be that the growth rate of consumption will fall. That is the issue. It is important to note 
here that the recommendation is not to reduce growth as a target, but to reallocate resources in favor of 
an improvement of the environment, even though these reallocations might result in a fall in the growth 
rate of consumption in the rich countries. 

BROWN: Our recommendations of our two groups are different in this respect. I would like to stress 
mat the resources ^oup specifically recommends a decrease in the rate of growth of resource consumption. 
As we stressed again and again, the time scale for the bringing into existence of new resources is a long one 
and not a short one. 

MALINVAUD: Je ne crois pas qu’il y ait de disaccord entre le groupe des Economistes et le Professeur 
Harrison Brown sur ce dernier point. Nous avons entendu exprimer la meme idde en disant qu’il fallait 
adopter une politique prudente pour la gestion des ressources. Peut-etre ce terme de gestion des ressources 
est-il imprecis, mais il conceme en particulier le rythme auquel nous puisons dans les ressources naturelles. 
L idde de ralentissement de la consommation de ressources mindrales, ou dndrgdtiques, est conforme k la 
recommandation d’une politique prudente, a supposer que, prdalablement, la politique n’dtait pas prudente. 
COULOMB : Je donne maintenant la parole a M. Ben Mena. 

BEN MENA: J’appartiens au groupe sur les ressources dnergdtiques. J’ai beaucoup apprdcid votre choix 
es diffdrentes recommandations, mais puis-’je me permettre de faire une petite remarque con- 
wmant la recommandation du groupe “ressources dnergdtiques’’ pour etre cohdrent avec les recommanda- 
lons qui ont dtd faites par les autres groupes ? Le groupe de I’dconomie nous a parld de la pruderice de la 
Sestion des ressources, le groupe des ressources mindrales a aussi mis I’accent sur un certain ralentissement 
consommation. Est-il possible, pour le groupe des ressources dnergdtiques, d’introduire, en plus de 
effort pour trouver des solutions nouvelles de production d’dnergie, une idde qui insisterait sur une sorfe 
optimisation de Tutilisation des ressources dnergdtiques actuelles? 
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COULOMB: Monsieur Gibrat, voulcz-vous nipondre & cette question? 

GIBRAT: 11 cst dvident que I’dtudo des sources nouvelles nc devant apporter dc rdsultat, a I’dchellc 
mondialc, que dans Ics premieres ddeennies du 21dmc sidcle, ne pent pas ctre cn relation avee I’optimisation 
des ressourccs actuellcs. CcIIes-ci auront, dvidemment, profonddment chantd, A cette dpoque. D’autre part, 
dans notre recommandation d’cnscmblc, (et jc rdponds li i la fois h tons les orateurs prdeddents) nous 
n’avons pas portd de juitement sur I’intdret, ou non, de la consommation d’dnergie, nous avons voulu attirer 
I’attention sur ce qui parait peu connu A savoir que, d’une fagon quasi automatique, par suite de la remise 
en ordre des prix des combustibles, nous allons assister A la erdation dc freins dc cette consommation d’dncrgic, 
dont Ic premier cst cclui dont vient dc parlor Monsieur Ben Mona, e’est-i-dire une nouvellc optimisation des 
ressources. On sera conduit isolcr plus fortement les maisons, lequilibre entre investissement ct con- 
sommation d’dncrgic ayant changd, ct ccci n’est qu’un cxcmpic, mais qui peut conduirc, apres I’incrtic 
habitucllc i ccs probltmcs, & une diminution dc la moitid du cbaufFagc actuel. 

J’ai aussi citd lo fait qu’on commence i sentir, dans certains pays ct dans ccrtaincs classes — naturcllcmcnt, 
uniquement dans les pays industrialisds — une certainc saturation dc besoins. 

J’ai enfin aussi insistd sur Ic fait que I’activitd industricllc va dc plus cn plus vers des activitds qui con- 
somment moins d’dncrgic qu’autrcfois, ou vers des services. 

Done, notre contribution, tout cn dtant trds cohdrente avee ccllc des deux autres groupcs, va vers la 
constatation qui cst quo, automatiquement, ct ccci cst trds important, la consommation cn I’an 2000, malgrd 
une trds forte augmentation des pays sous-ddvcloppds, nc sera pas ccllc que Ton a coutume dc donner, 
e’est-d-dire 4,5,6, 10 fois la consommation d’aujourd’liui, mais peut-etre 2, sOrement infdricurc d 3. 

MUNDLAK: Economic group. If 1 am not wrong in listening, I think that in the final points that were 
selected the growth of population was not mentioned. I think this was mentioned in the conclusions of 
the economic group and I do not think that a conference like this can come up with the conclusion without 
at least mentioning that the excessively high rate of population is the cause, in the dynamic sense, for scarcity. 

I would also recommend that we go for a stronger statement and consider it as endogenous in the system 
and call for a decrease in the rate of population growth. But at least in the exogenous sense 1 think there 
should be a common agreement on this point. 

COULOMB: Je nc suis pas sflr que nous puissions discutcr vraiment Ic terrible probldmc dc la population. 
Nous n’avons pas formd dc groupc pour s’en occuper. Nous avons sculcmcnt cu I’cxposd dc Monsieur 
Tabah. Nous savons que e’est une question cxtrcmcmcnt importantc, mais il faut la remettre d la con- 
fdrence suivante. Cependant, si quclqu’un veut cn parlcr, je lui donnerai la parole. 

BROWN : I believe that the problem of rapid population growth was discussed in virtually all of the 
groups and if you will remember, recommendation number 3 of the working group on long range mineral 
resources stated the following: the rate of population growth worldwide should be decreased. It just happens 
that this was not selected as an item for discussion, but if approved I would assume that this would go into 
the record of the conference as a recommendation. 

COULOMB: La raison pour laqucllc jc n’ai pas cru devoir laisscr discutcr cc sujet n’est pas son manque 
d’importance, mais uniquement Ic sentiment que nous n’dtions pas cn mesurc dc le faire utilcmcnt. 

L’exposd de Monsieur Tabah n’a pas dt6 un exposd contradictoirc ct nous ne pouvons gucrc prendre 
parti. Mais le groupc a pris parti ct, naturellemcnt il cn sera fait mention dans la publication des discussions 
intdrieures au groupe. 

HORVAT: I should like to review the main conclusions of all the groups, as you selected them, from a 
somewhat different point of view. The first suggestion was to concentrate on the quality of life. My question 
is: Who has been against the quality of life so far and who could be, in his right frame of mind, against the 
quality of life? Particularly when one has in mind that it includes abundances as one of its elements as one 
of our colleagues has very correctly pointed in the other way. So it is certainly not the unawareness that the 
quality of life is unimportant that we have had a rather miserable life so far, but there must have been some 
other reasons. And these are not technical. The second suggestion by the economists was that this distribu- 
tion should take place before growth on the global scale. I am a little bit skeptical about this, but suppose 
it is correct. The question is, How should it be done? Today, the distribution has not even been resolved 
within national boundaries; there are tremendous differences behveen rich and poor. How are you going 
to do that? The rate of growth should increase in less-developed countries. One is bound to ask the following 
question: In order to achieve this, you have to have planning on the national scale, and in order to accelerate 
this in underdeveloped countries, you have to have planning on the international scale. How do you do it? 
Regarding the fourth suggestion one may ask why these methods have not already been developed or the 
research intensified since we know more or less what the promising alliances were of research? It is clear 
that if only a fraction of military expenditures were diverted to these purposes we should have been much 
better off today than we are. The fifth suggestion was that it is desirable to have global management of 
soil and water. I would say that in many countries, in most countries of the world, we do not have manage- 
ment of natural resources — and water and soil in particular — at the national level. However, how are we 
going to achieve that at the international level? The aim of our conference, or the subject of our conference 
has been for a plan of action. We have been discussing the limits of growth. From the results of our dis- 
cussion it seems to be rather clear that these limits are not technical, but social and political. So the final 
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conclusion, I believe, that I somehow found in your enumeration of all the basic conclusions of our dis- 
cussion, should probably be that there is no place for pessimism regarding the technical possibilities of 
solving the problems in front of humanity. But whether they will be solved or not depends exclusively on 
social relationships and political decision making. 

COULOMB: Je vous remercie beaucoup, mais je suis un peu en peine pour savoir a qui passer la parole, 
parce que vous avez touch6 ^ beaucoup de sujets. Quelqu’un peut-il r^pondre a I’un des points qui ont 
ete soulev^s? Monsieur Aubert, pensez-vous pouvoir r^pondre? 

AUBERT: C’est assez simple. Je pense ne pas etre tout a fait d’accord avec Monsieur Horvat sur ce 
point, que je connais un peu, de Tamenagement et de I’utilisation des sols. II y a quand meme un grand effort 
qui est ddja fait dans ce sens dans un certain nombre de pays, aussi bien dans des pays en voie de developpe- 
ment, comme la C6te d’Ivoire puisque j’ai personnellement participe pendant plusieurs annees au tres gros 
programme etabli dans ce sens dans toute la partie forestiere de la Cote d’Ivoire, sur la demande du gouveme- 
ment de ce pays, que dans des pays industrialisds comme la France, ou Ton etablit actuellement un plan 
d’amenagement des forets et des bois et qui porte particulierement, sous le controle du gouvemement, sur 
toutes les forets privdes. Par consequent, je crois qu’il ne faut pas etre aussi pessimiste peut-etre que I’etait 
Monsieur Hon'at. II est possible, peut-etre pas sur un plan international, mais sur un plan national, de 
pr6voir un meilleur am6nagement pour une utilisation meilleure sinon optimale des terres. 

COULOMB: Je dois prdciser que le groupe n’a pas reclame de plan mondial. II a r&lame im plan d’ame- 
nagement pour les espaces naturels et les eaux; I’accent a dt6 mis sur la consideration simultanee des deux 
problemes. Mais le groupe n’a pas decide si cette confrontation entre les diffdrents sites devait etre faite h 
rechelon regional, i I’echelon national, k I’echelon international, ou mondial. 

BROWN: The problems confronting the world today are political and social in nature but with strong 
technological overtones. Technological change has created many of these problems. Technological change 
can be necessary but by no means sufficient in the solution. I think you have more confidence in the scientist 
and technologist than I have in his being able to solve the technological components of these problems, 
and even the technological solution involves social and political factors. There must be research allocations, 
which means that the people who make decisions in our various ministeries and so forth have to understand 
the problems, have to take a sufficiently long range view so that they will budget the necessary research and 
development that has to be done. 

COULOMB: La parole est k Monsieur Cloud. 

CLOUD: First of all I would like to congratulate you and your associates on the dispatch with which 
you have gotten to the central questions and the recommendations and suggestions presented. I find them 
all very good and I can take exception to only one general conclusion, that is the one offered by the energy 
group that sees a saturation in energy needs leading to a slowing down of energy requirements to about only 
two times the present by the year 2000. That would be true if we did not have to look forward to a large 
increase in the investments of energy needed to increase mineral production in order to achieve the desired 
gains in the economic gro\vth of developing countries. 

However, in these recommendations that are selected for central attention, I miss two things. I should 
like to preface my mention of these two things by observing that we are a group of scholars and humanists. 
We in this group are not politicians; we obviously have no power to implement any political action. It 
may be that the politicians will choose to reject all of the proposals we have to make, but it seems to me 
that we have a duty as scholars and humanists to tell the politicians what we really believe. So I have two 
additional things that I would like to urge upon you as resolutions of the group. If you do not choose to 
accept them as resolutions, I would like then to call for a show of hands on each of these resolutions. I am 
not proposing that we go into long discussions about them. We have had a certain amount of discussion 
about this and I should just like to know who now, at the present time, knowing what they do, would be 
for and against these propositions. 

I refer to the things which are on the last page of a thing which I have written up and which is available 
in the front of the room for those of you who do not have it; it is a page called “Toward equity and balance” 
and I am referring to the very last item on that page 2 at the bottom of the page. A second one is on the 
page called “Toward the protection of life”. I am referring to the first recommendation, the beginning of 
the second paragraph. I had the opportunity to elaborate my views about this a little more this morning 
and I shall not presume further on your time. I think it has been discussed, not only fairly extensively in 
some of the sections, but by many of us repeatedly in other circumstances. It becomes very clear that if 
Mr. Horvat’s hopes and expectations for the ability of man to solve his problems is to be realized, that the 
population issue is one of the most serious issues confronting us in the context of our present discussion. 
This is so, among other reasons, because the whole picture of mineral resource availability really depends 
on what the levels of consumption will be and how many consumers there are likely to be. Population 
increases, we have seen repeatedly, wipe out gains that are made in technology, food production, mineral 
production, and so forth. So I would like to move proposition number 2 at the bottom of the page, “Toward 
equity and balance”, and see what kind of an expression of support or opposition we get to this motion 
from the floor. I should like then to recommend that the nations and private enterprises of the world dis- 
continue further efforts to develop breeder reactors or other devices that use and generate substanti. 
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quantities of pIutoniuni-239 or any product approaching the potentialities of plutonium-239 for the des- 
truction of life. May I call for a show of hands on these two resolutions? 

COULOMB: Je pense quo la rdponsc, pour la deuxifime rdsolution qui cst la plus importantc, va vous 
etre donnde par Monsieur Gibrat, parlant au nom du groupe qui s’occupe de I’dacrgie. Monsieur Gibrat? 

GIBRAT: Deux questions ont dt6 posies au groupe de I’inorgie. La premiire, e'est la misc cn question 
de ce que nous avons pensi, it savoir quo Ics micanismes de riduction automatique conduiront, cn I’an 
2000, h unc consommalion qui sera comprise entre deux ct trois fois la consommation actucllc. Ccla rdsulte 
d’dtudcs tris approfondics. Ccs dtudes ont pris cn compfe ce qui n’est qu’un ddtail, i savoir I’augmcntation 
de consommation d’dnergie dvcntucllc, par suite dcs rcssourccs mindralcs. Je ne crois done pas que nous 
puissions cn sdance, sans avoir d'autres chiffres, modifier unc opinion, que je pense, pour mon comptc, 
parfaitcmcnl fondde. 

Deuxidme question: Ics nations, it I’hcurc actucllc ct Ics cntrcpriscs privies, devraient stopper Ics efforts 
pour ddvcioppcr Ic rdactcur surgdndratcur, ct autres projets’ engendrant Ic plutonium. Ccci a deux aspects. 
Nous avons traitd, au groupe de I’incrgic, I’aspcct que je considdre comme fondamcntal, que j’ai rappeld 
tout it riieurc, it savoir que, cn cas de prolifdration de ce type de rdactcur, dcs probldmcs importants s’dld- 
veraient. Ceux d’entre vous qui, cn asscmbldc gdndralc, ont assistd ft la rdunion d’avant-hicr matin sc rap- 
pcllcnt que j’ai donnd cn particulicr comme cxcmpic Ics probldmcs de violence. 

Lit oil nous divergeons, e’est qu’il estime qu’il faut commcnccr dds aujourd’hui, je dirais memc dds hicr, 
car il n’ignorc pas que tous Ics rdacicurs actucllcmcnt cn fonctionnement sont aussi dcs produclcurs de plu- 
tonium, ce qui n’est pas trds rdalistc d’autant plus que ccux-ci fonctionnent depuis fort longtemps. A ma 
connaissance, il n’y a jamais cu, avee Ics rcactcurs actucis, Ic moindre incident concernant Ic plutonium. 
Ccla n’cnldvc ricn it ma proposition d’intensifier, au contrairc, dds maintenant, trds fortement, I’dtudc dcs 
sources nouvcllcs, pour etre certain, Ic jour ou la prolifdration de ccs usines deviendrait importantc, 
d’avoir un moycn de substitution. 

COULOMB: Je rcmcrcic Monsieur Gibrat, ct je vois que la diffdrcncc de positions entre Monsieur 
Cloud ct Monsieur Gibrat n’est pas aussi grande qu’clic pouvait I’ctrc au ddpart. Monsieur Cloud 
voudrait qu’on dise dds maintenant: “jamais de breeders d cause du plutonium”, ct Monsieur Gibrat dit 
que nous devons ddterminer Ic plus vitc possible la probabilitd d’un accident. Lc groupe a dtd, je crois, 
d’accord avee Monsieur Gibrat, sur cette position: pousscr Ics dtudes au maximum, de manidre d etre 
prets au moment oh Ics surgdndratcurs qui cn sont au stadc dcs cssais devraient passer au stadc 
d’cxdcution. 

Lc second point soulcvd par Monsieur Cloud (Ic premier dont il ait parld) cst la rdduction de la population, 
Comme je I’ai dit tout A I’heurc, e’est cn effet un probldmc capital, mais je me demande si la presente con- 
fdrcncc peut vraiment s’en occuper. Je rdpdtc que nous avons demandd fi Monsieur Tabah de nous cn parlor. 
Il I'a fait longucmcnt. Il nous a expliqud ce qui a dtd fait d la confdrcncc de Bucarcst. Je crains que nous ne 
puissions pas allcr plus loin. Si nous avons encore lc temps (entre 6 h ct 6 h 30), au moment oil je donnerai 
la parole pour Ics rdsolutions autres que cellos qui correspondent aux travaux dcs commissions, je veux bien 
qu’on revienne sur les deux propositions de Monsieur Cloud. Je dois lui dire cependant qu’il ne serait, d 
ce moment-la, que lc 3dmc sur ma liste parcc que j’ai ddjd deux personnes qui m’ont demandd a parler 
apres 18 heures. 

CLOUD : Mr. Chairman, could we just take 30 seconds, not to press a resolution, but to get a sense of 
the congress here. Can I ask for a show of hands as to those who see pIutonium-239 as a really dreadful 
problem? 

COULOMB: Trois personnes ont demandd la parole sur votre intervention. Je vais la Icur donner mais 
en les priant d’etre brefs pared que j’ai encore beaucoup de noms sur ma liste. 'Voudriez-vous vous nommer, 
s’il vous plait, et parler uniquement sur le point soulcvd par Monsieur Cloud. 

BRENDOW: I want to comment on the procedure proposal that precedes some kind of voting. As I 
understood your proposal, we will not decide in plenary on any resolutions, but this would be the opinion 
of the chairmen of the various groups. So I do not see any real usefulness in passing some kind of vote. 
Should you, nevertheless, decide to go on a vote, I cannot engage my organization and I would not be in a 
position to vote on anything. Let me just say that I think that once we have the conclusions in writing at 
home we can work on it we would be in a better position to judge. 

COULOMB: Je dis tout de suite que nous ne voterons sur aucunc espdee de rdsolution; il ne sera demandd 
A personne d’engager quelque organisation que ce soit. Ce que les groupes ont indiqud comme dtant lour 
avis, sera publid comme dtant I’avis des groupes. Mais je serais heureux si, sur les points sdlectionnds, nous 
pouvions ddgager une opinion gdndrale des personnes prdsentes. 

SIKKA: I am not clear as to what reduction the underdeveloped countries can affect in the consumption 
of food and minerals as suggested in the resolution as they are already living on a subsistence level. But I 
do share Dr. Cloud’s concern about the breeder reactors. But I do not think we can vote at this stage. 
Maybe later on. 

LEWIS : I offered to speak on plutonium at a previous session but the time did not arise. The trouble is 
the statements made here about plutonium are not correct. There is a deliberate campaign, which is highly 
dangerous to the world, fostering a fear of plutonium. I would say that this is something not unknown in 
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the world. The late Justice Oliver Wendell Holmes gave a famous decision saying that a man could not 
claim freedom of speech to rise up in a crowded auditorium and shout, “Fire!” The point is there is no risk 
of fire. The fear is of mob panic. This is the situation with plutonium. The fear of mob panic is real. The 
fear of plutonium is not real. We operate, as Mr. Gibrat has said, very safely with plutonium. We know it 
is permissible to have one-tenth of a microgram fixed in the human body. We believe that we can keep 
working at that level. I am speaking of workers who are much more exposed than anyone in the outside 
population is. This is a fixed, permissible body burden. It is not a lethal dose. Nobody knows what a lethal 
dose for a human being of plutonium really is. 

ABRAMOWITZ: I should like to see what I can do to throw a little light on what the Chairman and 
others found in the conclusions of the long range minerals group as well as on the views expressed by Mr. 
Brown and those that were expressed on behalf of the economists by M. Malinvaud. I hope also that what 
I can say may bear on the intervention of Mr. Horvat. I think I ought to start by saying something about 
the set of assumptions which were in the minds of the economists in the discussions that we held within 
our group. It is fair to say that we started first and foremost from the very sharp awareness of the poverty 
and extreme difiBculty of life in the poor countries. We also had in mind the conditions of poor people, 
even in the rich countries of the world. Although a great deal may be done by redistribution of income 
within the richest countries, to raise the standard of living of poor people, such redistribution is very hard 
to bring about as Horvat has emphasized. I think that was one of the facts that we recognized in drawing 
up our own conclusions. Furthermore, as between rich and poor countries, it is perfectly clear that re- 
distribution alone would hardly begin to touch the problem because of the huge magnitude of the populations 
of the poor countries and the very low levels of income in those countries today. So a rise in production 
and productivity in the poor countries is utterly essential. Once one has recognized that, it becomes im- 
portant also to recognize that the possibility of such an increase in productivity and production within the 
poor countries is also dependent upon what is happening in rich countries and upon the possibilities that 
they have for raising their own levels of output, because the poor countries are very dependent on the rich 
countries both for a flow of capital for aid to their balance of payments and for grants in kind. Now for 
all these reasons we were very hesitant to set as a target, even though we were extremely sensitive to the 
problems of scarcity of resources and energies, a reduction in growth rates of output in the richer countries 
of the world. But we do recognize that such a reduction might be forced upon richer countries and perhaps 
upon all the countries of the world by scarcities if those turn out to be more obstinate than some of us 
might hope. Hence, when we came to write our conclusions, we expressed them in a less direct way than did 
the group dealing with long range mineral resources. We spoke about managing resources with a certain 
prudence and a certain caution, having regard to scarcities and constraints as they might appear and with 
regard to what the necessities of the future might be. If, indeed, those scarcities turn out to be very severe, 
then a question comes up about the distribution of the burden. Here, it seems to me, that our chairman 
may have failed to catch a little bit of the flavor of point 5, which I translate somewhat in the following 
way; that the problem of achieving an equilibrium between resources and needs poses the danger that this 
will create greater burdens for the poor countries of the world than it does for the richer countries of the 
world or for the world as a whole. So the policy of growth of the rich countries has to be guided by this 
consideration. 

JOY : Referring to the long term view of these global models, I seem to have the impression that all 
those concerned with the economics and the modeling, as well as with the resources and the energy needs, 
are not satisfied with their ability to put all the coherent data together. Therefore, following your own 
indications and your request for something practical along the lines which you referred to as institutionaliza- 
tion, I would like to propose that we contrive a group to conduct a pilot study on an interdisciplinary and 
international basis of a single problem. In order to ensure that results are got within a reasonable time it 
would be worthwhile to assess the feasibility of a complete, thorough pilot study on a not too complicated 
commodity industry in a not too large country. If it is possible to get together a number of people who 
could help with the actual practical work, from among the economists, energy specialists, resource specialists 
present, then I would be quite prepared to discuss with the Department of Industry in the United Kingdom 
and see what we could do to help. 

COULOMB : Je vous remercie d’avoir adopts un point de vue pratique, et je demande a Monsieur Davous 
s’il peut commenter tres brievement votre proposition. 

DAVOUS: Je suis parfaitement d’accord sur ce qui vient d’etre dit sur I’importance de mettre quelque 
chose de concret sous le terme multidisciplinaire. C’est tres joli de dire “on va creer des equipes multi- 
discipllnaires pour les problemes.” Si j’ai bien compris la recommandation, c’est de dire qu’on en fasse dejh 
au moins une, Internationale, multidisciplinaire, sur un probleme concret, et, a ce moment-la, ce sera deja 
un premier pas peut-etre valable. 

Dans la recommandation du groupe moddlisation, relative a la cooperation intemationale, ce probleme n’a 
pas 6te discute en detail. II a simplement ete dit que les implications des autres recommandations semblaient 
n^cessiter I’existence d’un certain organisme de coordination. La nature exacte de cet organisme n’a ab- 
solument pas 6te discutde. Si je lis a travers les debats, je comprends qu’il y a une certaine tendance a voir 
dans cet organisme quelque chose d’assez leger — ^le Professeur Moiseev, par exemple, ce matin, a employe 
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qui consistcrait i minimiscr la consommation d’energic. Le groupe dcs economistes n’est pas intervenu sur 
CCS idces, mais il s’cst quclquc pcu conccrt6 a Icur sujct. II doit sc ddclarcr assez oppos6 k une interpretation 
littdralc de cc que vous proposez. Sans doute n’avons-nous pas d’objections k ce que Ton calcule le contenu 
cn dncrgic dcs diffdrcntcs productions. Nous pcnsons meme que simultan6ment, on pourrait tout aussi bien 
calculcr prdcisdmcnt le contenu en travail. Cette information est toujours utile. Mais nous ne pouvons pas 
proposer une politique dans laquellc on chercherait ddlibdrdment k orienter les productions en se donnant 
pour scul objcctif I’dconomic d’dncrgie ct en ndgligeant le travail qui reste, i I’heure actuelle, une ressource 
plus prdcicusc que I’dnergic. II faut certes dconomiser I’dnergie maintenant; mais il ne faut pas que ce soit 
la scule considdration qui motive nos choix. 

BOL ALIMA: Jc me permettrai tout d’abord de remcrcier tous les representants des diflfdrents groupes 
de travail, car au ddbut, j’dtais plutdt inquiet, ne croyant pas que nous pourrions facilement arriver i une 
synthdsc aussi brillante des diffdrents ddbats qui ont eu lieu au cours dcs colloques et dcs sdances pldnieres. 
Mon inquidtude, jc dois I’avouer dtait surtout fondde sur le fait que la composition de notre Assemblde 
pouvait fairc oublicr les problemes d’unc partie de THumanild et que Ic Plan d’ Actions que nous dtions 
convids i dlaborer ne scrait qu’un Plan pour une certaine Humanitd. . . 

Mais je dois avoucr que nos rccommandations ct nos rdsolutions n’ignorent pas les problemes des dcono- 
mics en ddvcloppemcnt ct des Pays sous-dquipds, quoique I’unanimitd n’ait pas dtd obtenue chaque fois, 
ce qui est d’aillcurs normal. 

Ccla dtant dit, ma question va concerncr particulidrement le problcme des analyses des systemes et des 
moddlisations. 

Je rcconnais que, pour une planification a court termc, et cela se comprend d’aillcurs pour un ressortissant 
d’un pays pauvre comme le mien, dcs mdthodcs de prdvisions sont ndccssaires pour rendre moins incertain 
renvironnement deonomique ct social. 

En cc qui concerne les prdvisions ct les modelcs i long terme, il y a tout de meme quelques rdserves qu’il 
convient peut-etre do mentionner. Jc crois d’ailleurs que le groupe qui a travailld sur les problemes des 
modelcs a clairement exprimd quo, lorsqu’on ddpassait les systemes physiques et qu’on voulait y intdgrer 
les parametres biologiques ct, encore plus, humains, les problemes dtaient plus ddlicats. 

Quand il est done question d’unc coopdration intcmationalc qui pourrait se faire dventuellement par Ic 
canal d’un organisme qui,commc venait de le dire tout aPheure le representant du groupe. Monsieur Davous, 
s’occuperait probablcmcnt au moins d’diaborcr les programmes, on pent se demander sur quoi porteraient 
CCS programmes. Jc ne le sais pas car, cn fait, quo ce soit des programmes ou des modeles, il faudrait partir 
d’un certain nombre d’actions, d’uno certaine conception de I’homme, d’une certaine conception de I’dvolu- 
tion de I’humanitd, ct je no penso pas que, sur cc point, il y ait ddjii unanimitd sur le plan de la conception, 
sur le plan de I’dthiquc quo Ton veut avoir de I’humanitd, afin de pouvoir dlaborer peut-etre des programmes 
mondiaux, et encore moins des modeles mondiaux. 

Je ne sals pas si on ne pourrait pas rcformuler quelquc pcu cette recommandation, car tout en recom- 
mandant la ndcessitd d’unc coopdration intcmationalc dans cc domaine, il faudrait considdrer I’organisme 
qui pourrait etre erdd comme un organisme travaillant quelque pcu i la demande. Ainsi un groupe d’Etats 
ou un Etat donnd ayant defini lui-memc scs objcctifs — car les modelcs ne diront que des choses en rapport 
avec I’dthique propre de ceux qui leur auront fourni les parametres composants — pourrait s’adresser a cet 
organisme international afin de solliciter I’aidc ndeessaire & I’dlaboration d’une prospective partant ainsi 
des donndes propres i un groupe donnd. 

Le danger serait en effet grand de travailler sur des modeles quasi standard ne correspondant aucune 
philosophic propre, car on risquerait alors d’avoir dcs modeles tendant k imposer des types de societds 
que tout le monde n’approuvc pas ndccssairement. 

COULOMB: Vos remarques sont tout k fait pertinentes et je pense que I’lnstitut de la Vie, qui devra 
trancher en dernier ressort, en tiendra le plus grand compte. Je passe la parole maintenant a Monsieur 
Michiels. 

MICHIELS: Les probldmes dont I’dtude est abordde au cours de cette confdrence sont fortement lids au 
ddveloppement de I’industrie — celle-ci dtant comprise dans son sens le plus large de toute I’activitd de 
production de biens et services. Il faut en effet reconnaitre que e’est k I’industrie qu’incombera la con- 
erdtisation du plan d’actions. D’autre part, son expdrience de Taction est irremplagable pour Tdtablissement 
de calendriers et de programmes techniques et financiers rdallstes. Certains representants des milieux in- 
dustriels — et qui m’ont demandd d’etre leur porte-parole — ont eu leprivildge d’apporter leur collaboration 
active d Tdtude des cinq themes de ce congres et aux discussions pldnieres. Us en ont retird Timpression que 
Tapport des compdtences de Tindustrie pourrait etre encore plus important et ils tiennent ^ assurer 
Tlnstitut de la Vie de leur collaboration la plus large d ses travaux futurs. Ainsi que Font proposd plusieurs 
autres congressistes, nous croyons en la ndcessitd de erder, avec la participation de Tindustrie, un groupe 
interdisciplinaire qui aurait pour theme les problemes techniques et financiers et les calendriers associds. 

COULOMB: Voild encore une proposition prdcise et pratique. L’Institut de la Vie en tiendra sans doute 
le plus grand compte. Ce serait maintenant le tour de Monsieur Piore, qui avait demandd la parole mais il 
est parti. 
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MARCHAND: Vous avez d6clar6, i deux reprises, Monsieur le President, que nous ne devions pas 
mentionner le probleme d6mographique dans nos recommandations globales. Je ne suis pas tout k fait 
d’accord avec ceci, et pour deux raisons. 

1° Ce probleme a effectivement figure k maintes reprises dans nos discussions. 

2° Et ceci, je pense, est tres important; un plan d’action pour l’humanit6, qui demeurerait silencieux 
sur ce probleme tres important, peut-etre le plus important de tous, serait serieusement d^ficitaire et 
sa cr6dibilit6 en souffrirait dnormdment. 

Au minimum, il faudrait au moins mentionner que nous avons 6t6 saisis, de la part des Nations Unies, 
de ce sujet et que nous lui donnons tout Tappui moral qu’il mdrite. 

COULOMB : Pris sous cette derniere forme, c’est tout k fait exact. Monsieur Tabah nous a mis au courant 
de ce qui s’est pass6 a la conference, et nous pouvons rendre k cette conference I’hommage qu’elle merite. 

ROSS: In going through my notes of points worth remembering I have found two that are relevant to 
the subjects picked out by the Chairman. It was proved to us in the Minerals Group that the question of the 
supply of minerals and of water is the same question as the price of energy. We had another contribution 
to the etfect that the price mechanism and the free market has not succeeded in achieving a fair distribution 
of energy. The price of energy has been too low to the man who wishes to heat or cool his inadequately 
insulated house. It is now too high for India to buy fertilizers and fuel for tractors and irrigation pumps. 
Obviously we need differential pricing of energy in some way. We have been told we cannot solve problems 
on an international scale until they have been solved on a regional scale. So what is the local solution? 
In Britain, if I wish to buy diesel oil for a vehicle on the road it is expensive because of a heavy tax. If I 
buy the same oil for my fishing boat, or for the tractor on my farm, it is cheaper because there is no tax. 
It seems to me that there should be some kind of international taxing system on such lines. 

Finally, Sir, may I give this Conference a motto? “To be uncertain is to be uncomfortable. But to be 
certain is to be ridiculous.” 

COULOMB: Je reconnais bien I’humour anglais et je vous remercie. La reglementation intemationale 
des taxes pourra etre dite intemationale meme si elle ne s’applique qu’aux pays capitalistes, mais les pays 
de I’Est n’aceepteront certainement pas d’entrer dans des voies pareilles. Quelqu’un demande -t-il encore la 
parole sur les rapports des diff'^rents groupes? Sinon, nous passons aux autres propositions. Le premier k 
avoir demande la parole est Monsieur Guy Berman, Ing^nieur des Mines. 

BERMAN : Les conclusions des differents groupes contiennent en particulier la notion de qualite de la 
vie. Cependant celle-ci n’a pas express6ment d^finie; le terme “bonheur”, qui recouvre k mon avis une 
notion tres importantc, et pas tout a fait semblable ^ celle de “quality de la vie”, n’a pas non plus 6t6 
prononc^. 

Monsieur Bol Alima tout k I’heure, en particulier, a soulign6 que le bonheur dtait extremement diffdrent 
pour les differents peoples, et que les projets intemationaux devaient tenir compte de cette difference. 

II me semblerait done utile d’inclure dans les r6solutions de la conference, ou peut-etre de consid6rer 
comme sujet d’une prochaine conference, I’etude de la quality de la vie; en particulier, comment la prendre 
en compte dans les decisions economiques de gestion et d’allocation des ressources, ou dans des modeles 
qui restent actuellement, nous a dit M. Davous, essentiellement quantitatifs. 

COULOMB: Bien entendu, la definition de la qualite de la vie et la definition du bonheur sont des ques- 
tions extremement importantes. Je ne pense pas que nous puissions les trailer en quelques minutes. II y a 
prochainement, a Londres, une reunion sous les auspices dela Fondation intemationale de la Culture ou Ton 
doit discuter precisement de ses aspects ethiques: le bonheur sera a I’ordre du jour. Nous aurons peut-etre 
A nous inspircr de ce qui se dira dans cette reunion. Personnellement, je ne crois pas que la notion de bonheur 
soit une notion simple. En gros, il y a deux especes de bonheur: I’acquisition des biens et la satisfaction du 
devoir accompli, mais je ne veux pas en dire plus. Comme vous dites, il faudrait une autre conference, mais 
ce ne sera peut-etre pas une conference de iTnstitut de la Vie. 

DALKEY: One small remark to perhaps make us feel a little better. The notion of happiness, the quality 
of life, was not absolutely ignored by the conference. There was one paper in the modeling session dealing 
with the latest research on measuring individual happiness and also dealing with the possibilities of dealing 
with social value functions using that type of research. It was small, but not absolutely infinitesimal. 

LEWIS: Just a very small point, but I think important. There was a very considerable contribution to the 
energy section, by Dr. Kellogg who, I think, is not here now on climatology. It was pointed out that climatic 
change is quite characteristic of the world. We are at present in a considerable change of weather. We do 
not know whether we can expect this to stabilize or to get worse. So it seems that we should encourage, in 
order that mankind can have a little anticipation, encourage to the maximum studies of changes of climate. 

STEWART : Less than a month ago there finished a major conference in Sweden organized through the 
Global Atmospheric Research Program, on the question of climate and climate modeling. There are com- 
mittees formed by several different organizations for looking at the questions of change of climate, the 
stability of climate, and the degree to which climate may be predictable. Attention has already been drawn 
to this subject and it is being closely looked at by those who are best fitted to look at it. It is by no means 
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being neglected. This group could add its recommendations if it wishes, but it should not assume that the 
topic is being neglected. 

COLON : These last days I spoke with different colleagues from different countries present here. I found 
that there was a good consensus in what has to be done after this conference closes. We came to a draft of 
final resolutions and I would like to present them to you: 

1. The themes discussed by the conference: economics, energy, natural resources and recycling, bio- 
logical equilibria, modeling, have a major and permanent interest for mankind. The quality of the 

participants in different disciplines guarantees the high scientific value of the conclusions. 

2. These conclusions should be brought to the attention of all governments of the world and inter- 
governmental organizations. Thus a link would be established between objective science and men of re- 
sponsibility. 

3. The initiative of Institut de la Vie should be pursued at two levels: 

— scientific reflexion; 

— relationship with those institutions responsible for life of men and the society. 

4. To assure the, continuity, it would be appropriate that Institut de la Vie: 

(a) pursues the organization of the scientific deliberation in several ways: 

(i) establishment of a committee with specialized and multidisciplinaiy sections; 

(ii) organization of a new conference within four years; 

(iii) encouraging existing scientific programs and/or instituting new programs; 

(b) maintains the dialogue at the most influencial levels. 

Traduction frangaise: 

1. Les themes traites par la conference: economic, energie, ressources naturelles, equilibres biologiques 
et environnement, modeiisation, ont un interet majeur permanent pour Thumanite. La qualite des partici- 
pants des differentes disciplines garantit la haute valeur scientifique des conclusions. 

2. Ces conclusions devraient Stre portees ^ la connaissance de tons les gouvemements du monde et des 
institutions intergouvemementales. Ainsi serait etabli un lien entre la science objective et les hommes d 
responsabilite. 

3. L’initiative de ITnstitut de la Vie merite d’etre developpee dans deux voies: 

— . La reflexion scientiflque. 

■ — . Les relations avec les institutions responsables de la vie des hommes et de la societe. 

4. Pour assurer cette continuite, il conviendrait que I’lnstitut de la Vie: 

— poursuive la reflexion scientifique par: 

. la constitution d’un comite permanent 

. I’organisation periodique de sessions specialisees et de reunions communes interdisciplinaires 

. I’organisation d’une nouvelle conference dans quatre ans 

. I’encouragement a des programmes scientifiques existants ou la mise en oeuvre de programmes 
scientifiques nouveaux, 

— et maintienne le dialogue avec les centres de decision. 

COULOMB: Bien stir il y a quelque difficulte a cemer les conclusions de cette conference. Elies com- 
prennent d’abord les resolutions des groupes, et nous avons eu une discussion qui les a edairees. Nous 
avons maintenant devant nous I’organisation qui a convoqu6 notre reunion et qui est I’lnstitut de la Vie. 
En realite, votre proposition s’adresse a I’lnstitut de la Vie, a qui nous avons fait nous-memes un certain 
nombre de suggestions. Les conclusions que I’lnstitut de la Vie pourra communiquer, s’il le desire, aux 
Gouvemements ou aux Organisations intemationales, seront arretees par lui, a la lumiere des documents 
etablis par les groupes, et de nos discussions. Comme nous avons dit que nous ne voterions pas, nous ne 
pourrons pas demander qu’on transmette notre opinion, mais I’lnstitut de la Vie, ayant pris conscience des 
problemes et connaissant I’importance relative des differentes questions, pent dire aux Gouvemements 
comme aux grandes Organisations intemationales ce qu’il a trouve dans cette conference. Sous cette reserve 
de forme, je ne vois pas personnellement d’objection a ce que vous venez de proposer. 

Nos travaux sout finis. Je vous remercie de tout coeur. 
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